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Advisory U.S. Department 
of Transportation 
Federal Aviation Circular 
Administration 


Subject: Guidance on Submitting a Complete Date: 12-18-2023 AC No: 413.11 and 
Enough and Complete Application for a Initiated By: AST-1 413.13-1 
Vehicle Operator License 


This Advisory Circular (AC) provides guidance on demonstrating compliance with the 
requirements of completing a license application in accordance with Title 14 of the Code of 
Federal Regulations (14 CFR) §§ 413.11 and 413.13. It details what constitutes a complete 
enough submission for application acceptance and a complete submission of an application for a 
license determination under 14 CFR part 450. 


The Federal Aviation Administration (FAA) considers this AC an accepted means of 
compliance (MOC) for complying with the regulatory requirements of §§ 413.11 and 413.13. 
This guidance is not legally binding in its own right and will not be relied upon by the FAA as a 
separate basis for affirmative enforcement action or other administrative penalty. Conformity 
with the guidance is voluntary only and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


If you have suggestions for improving this AC, you may use the Advisory Circular Feedback 
form at the end of this AC. 


Daniel P. Murray 
Executive Director, Office of Operational Safety 
Commercial Space Transportation 
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1 PURPOSE. 
1.1 This Advisory Circular (AC) provides guidance on demonstrating compliance with the 


requirements of completing a license application in accordance with Title 14 of the 
Code of Federal Regulations (CFR) §§ 413.11 and 413.13. This document details what 
constitutes a complete enough submission for application acceptance and a complete 
submission of an application for a license determination under 14 CFR part 450. 


1.1.1 This document is intended as a multi-purpose application checklist for determining the 
materials necessary for a “complete enough” and “complete” application submission 
(discussed below). The checklist will indicate application materials that must be 
included for the FAA to accept an application and begin the 180-day review in 
accordance with §§ 413.11 and 413.13, respectively. The FAA’s acceptance of an 
application as “complete enough” to begin review does not mean the FAA has 
determined that the application is complete. The checklist in its entirety constitutes a 
complete application upon which the FAA can make a final determination. However, 
once an application is deemed as complete, it does not mean that the FAA has approved 
or determined the application materials adequately demonstrate compliance. The 
checklist contains objective criteria to determine whether the application materials for 
each regulation are complete, posed as a set of objective “yes or no” questions that will 
facilitate prompt license processing. In some cases, the questions are nearly identical to 
the application requirements in the regulation; in others, the requirements are parsed in 
more detail to help applicants provide complete submittals. In addition, a narrative 
discussion for each application requirement is intended to be helpful for an applicant to 
consider when preparing its application. These narratives are quite brief; other Advisory 
Circulars specific to different aspects of the regulation provide much more discussion to 
help applicants understand and comply with the regulations. The narratives provide 
beneficial topics to be discussed as part of the pre-application process. 


1.1.2 The FAA intends to evaluate license applications in three phases to efficiently process 
applications. The phases correspond to the logical dependency of the regulation sections 
(i.e., some sections produce data that is necessary for subsequent sections). The 
application submissions to be evaluated during Phases 2 and 3 are typically available 
later in the process as vehicle testing concludes and operational documentation matures 
closer to flight. The FAA will not begin its evaluation of a phase until all materials 
identified for that phase are complete. This phased approach is intended to provide 
greater transparency for the applicant as to the progress of the evaluation. This 
document explains what is expected during each phase. 


1.1.3 Phase 1 requirements include all application submissions necessary for application 
acceptance, including the FAA’s acceptance of the means of compliance (MOC) in 
accordance with § 450.35. The term “acceptance” is used differently with regard to 
MOC. FAA acceptance of a MOC is an FAA approval of the MOC rather than 
acceptance of an application for review. MOC acceptance for the regulations referenced 
in § 450.35 may take an extended timeframe during pre-application consultation unless 
the applicant uses a previously accepted MOC. The FAA will only accept an application 
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when it is complete enough for the FAA to begin its evaluation of the license 
application in accordance with § 413.11. 


1.1.4 Phase 2 requirements should be submitted within 30 days of application acceptance and 
Phase 3 requirements within 60 days of application acceptance to avoid tolling of the 
application review period or license denial. At any point in the license review period, 
the FAA may identify regulatory deficiencies in the application (e.g., if review in a later 
phase identifies that a previous review was incorrect). 


1.1.5 All submitted documents must comply with the requirements in § 450.45(e)(1), should 
use formatting suitable for technical reports, and should be free from grammatical and 
cross-referencing errors. All materials should include unambiguous information to track 
revisions. 


1.2 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. In addition, an operator may tailor the provisions 
of this AC to meet its unique needs, provided the changes are accepted as a means of 
compliance by the FAA. Throughout this document, the word “must” characterizes 
statements that directly follow from regulatory text and therefore reflect regulatory 
mandates. The word “should” describes a requirement if electing to use this means of 
compliance; variation from the provisions of this AC is possible, but must satisfy the 
regulation to constitute an alternative means of compliance. The word “may” describes 
variations or alternatives allowed within the accepted means of compliance set forth in 
this AC. 


2 APPLICABILITY. 
2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 


required to comply with 14 CFR part 450, Launch and Reentry License Requirements. 
The guidance in this AC is for those seeking a launch or reentry vehicle operator license 
and a licensed operator seeking to renew or modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 


5 







   


 


   
  


 
   


   
       


  
  


 


  


  


  


  


  
   


 
  


  
 


    


 


 


 


     
 


 


    
    


 


   
  


 


 


 


 


 


 


 


 


 


 


 


 


 


12/18/2023 AC 413.13-1 


3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 
3.1 Applicable United States Code (U.S.C.) Statute. 


• 51 U.S.C. Subtitle V, Chapter 509, Commercial Space Launch Activities. 
3.2 Related FAA Commercial Space Transportation Regulations. 


The following 14 CFR regulations must be accounted for when showing compliance 
with 14 CFR part 450. The full text of these regulations can be downloaded from the 
U.S. Government Printing Office e-CFR. A paper copy can be ordered from the 
Government Printing Office, Superintendent of Documents, Attn: New Orders, 
P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Part 413, License Application Procedures. 


• Part 440, Financial Responsibility. 


• Part 450, Launch and Reentry License Requirements. 


• Part 460, Human Space Flight Requirements (if applicable). 
Note: FAA Advisory Circulars are available through the FAA website, 
http://www.faa.gov/. 


3.3 Related Industry Documents. 


• Department of Defense Modeling and Simulation (M&S) Verification, Validation, 
and Accreditation (VV&A), Instruction Number 5000.61 Change 1, dated 
October 15, 2018. 


• FAA United States Coast Guard Letter of Intent (LOI) Policy Statement. 
https://www.faa.gov/space/legislationregulationguidance/uscg-letter-intent-loi-
policy-statement 


• Federal Aviation Administration (FAA), "Licensing Process," dated April 6, 2020, 
available from: 
https://www.faa.gov/space/streamlined_licensing_process/licensing_process/. 


• DOT FAA Statement of Policy on Waiving Ground Safety Regulations at Cape 
Canaveral Air Force Station, Vandenberg Air Force Base, Wallops Flight Facility, 
and Kennedy Space Center, effective November 3, 2020. 


• National Aeronautics and Space Administration (NASA), NASA Examples of 
Information to Expedite Review of Commercial Operator Applications to 
Regulatory Agencies, dated July 16, 2021, https://www.nasa.gov/recommendations-
commercial-space-operators/. 


• Memorandum of Agreement between The Department of the Air Force and the 
Federal Aviation Administration for Launch and Reentry Activity on Department of 
the Air Force Ranges and Installation Agreement Number FAA-DAF-SLR-2021.0  
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• Risk Committee, Range Safety Group, Range Commanders Council, Flight 
Termination Systems Commonality Standard, RCC 319-19, Aberdeen Test Center, 
dated June 2019.  


• Risk Committee, Range Safety Group, Range Commanders Council, Common Risk 
Criteria for National Test Ranges, RCC 324-11, White Sands, NM dated 
February 2011.  


• Title 49 CFR part 172, (DOT) Transportation of Hazardous Materials. 


Note: The industry documents referenced in this chapter refer to the current revisions or 
regulatory authorities’ accepted revisions. 
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4 DEFINITION OF TERMS. 
For this AC, the definitions from § 401.7 apply. 


5 ACRONYMS. 
AC – Advisory Circular 
ATO – Air Traffic Organization 
CATEX – Categorical Exclusion 
CFR – Code of Federal Regulations 
CSSI – Computing System Safety Items 
DOT – Department of Transportation 
EA – Environment Assessment 
EIS – Environmental Impact Statement 
FAA – Federal Aviation Administration 
FSA – Flight Safety Analysis 
MOC – Means of Compliance 
NASA – National Aeronautics and Space Administration 
NM – Nautical miles 
NOP – Neighboring Operations Personnel 
OMB – Office of Management and Budget 
Pc – Probability of Failure 
POF – Probability of Failure 
RF – Radio Frequency 
U.S.C. – United States Code 
U.S.G. – United States Government 
U.S. – United States 
V&V – Validation and Verification 
WR – Written Re-evaluation 
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6 MEANS OF COMPLIANCE. 
6.1 Introduction. 


6.1.1 A means of compliance (MOC) is the approach used to satisfy a section or subsection of 
the regulations. Thus, every requirement has a means of compliance. For five topics, the 
Administrator must accept the MOC prior to an applicant submitting an application. 
These are listed below, in § 450.35(a), and also referenced within the objective criteria 
below for each applicable requirement. Because of the complex nature of these 
requirements, the applicant must submit the MOC for these five topics for FAA 
acceptance prior to the license application review period. The following means of 
compliance must be accepted by the Administrator prior to application acceptance: 


• § 450.115(b) regarding flight safety analyses; 


• § 450.139(e)(1) regarding toxic hazards for flight; 


• § 450.145(b) regarding highly reliable flight safety system; 


• § 450.163(a)(1) regarding lightning hazard mitigation; and 


• § 450.187(e)(1) regarding toxic hazards mitigation for ground operations. 


6.1.2 To ensure timely review, applicants proposing to use any means of compliance to 
satisfy unique safety policies and requirements under § 450.177 should also seek FAA 
acceptance of their proposed means of compliance prior to submitting their application. 


6.1.3 For the purpose of § 450.35(a), the FAA has identified six types of acceptable MOCs: 
1. A current Advisory Circular (normally an FAA-approved tailored version),  
2. A standard that has been accepted by the FAA, as listed in the Part 450 Means of 


Compliance Table, 
3. Services provided by an approved Federal entity per § 450.45(b), 
4. A safety element approval per § 450.39, 
5. An applicant-specific description of methods that have been approved during 


pre-application consultation, and 
6. For flight safety analysis, the actual mission data being used as “representative” 


data. 


6.1.4 During pre-application consultation, the FAA will work with applicants on compliance 
planning for the MOC requirements. All publicly available FAA-accepted MOCs are 
maintained on the FAA website at: 
https://www.faa.gov/space/streamlinedlicensingprocess/part-450-means-compliance-
table/. 
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6.1.5 The Flight Safety Analysis section of this document includes additional discussion on 
the MOC for § 450.115(b), especially MOC types 5 and 6. 


6.1.6 For all requirements of part 450 not listed in § 450.35(a), an applicant may submit 
MOCs as part of its application for the FAA to review during the application review 
period. The FAA determines (1) if the operations represented in the application are 
consistent with all the conditions relevant to the MOC, and (2) whether the application 
materials (e.g., data) demonstrate correct implementation of the MOC. 
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SCOPE OF A VEHICLE OPERATOR LICENSE 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


7.1 § 450.3 In accordance with § 450.3 Scope of a Vehicle For launch from a U.S. site, does the Phase 1 
Scope of a Operator License, the FAA requires an applicant application contain a list of potentially 
vehicle intending to launch from a U.S. launch site to hazardous activities for both pre-flight and 
operator identify pre-and post-flight ground operations such post-flight ground operations that are 
license. that the FAA is able to determine when the launch 


operation would begin and end. In §§ 450.3(b)(1) 
and 450.3(b)(2), the FAA specifies that launch 
begins under a license with the start of hazardous 
activities that pose a threat to the public at a U.S. 
launch site and that for a non-U.S. launch site, 
launch begins at ignition or at the first movement 
that initiates flight, whichever occurs earlier. 
§ 450.3(b)(3) describes the requirements for end of
launch events as it pertains to orbital and suborbital
missions, with and without reentry scenarios.
Finally, § 450.3(c) scopes reentry, including
activities necessary to return a component to a safe
condition on the ground.


In its application, § 450.3(d) requires an applicant 
to identify pre- and post-flight ground operations at 
a U.S. launch site sufficient for the Administrator to 
determine the scope of activities authorized under 
the license. This information is very helpful during 
pre-application consultation because it 
circumscribes what needs to be covered in the 
application. These operations include any 
operations that are potentially hazardous before any 
mitigations such as restricting public access. For 
reentry, the applicant should provide the sequence 


preparing the vehicle for flight? 


For reentry, does the application contain a 
list of activities conducted in Earth orbit or 
outer space to determine reentry readiness? 
Does the application include a list of post-
flight ground activities necessary to return 
the reentry vehicle, or vehicle component, 
to a safe condition on the ground after 
impact or landing? 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


when various activities occur on orbit that are 
prelude to a determination to reenter and activities 
after landing or impact that are potentially 
hazardous to the public. Once the FAA and the 
applicant have a mutual understanding of the 
applicant’s concept of operations, the FAA will 
determine, using the information provided by the 
applicant, a starting point for hazardous pre-flight 
operations. 


An applicant wishing to deviate from the scope of 
authorization defined in §§ 450.3(b) or 450.3(c), 
would discuss the deviation during pre-application 
consultation.  
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REQUIREMENTS TO OBTAIN A VEHICLE OPERATOR LICENSE 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


8.1 § 450.41 In accordance with § 450.41 Policy review § 450.41(e)(1) Phase 1 
Policy review and approval, a policy approval is issued to • Is there a specified vehicle
and approval. an applicant unless the FAA determines that configuration (set of stages/boosters)


a proposed launch or reentry would or a list of configurations?
jeopardize U.S. national security or foreign • Is the type of each stage and booster
policy interests, or international obligations specified?
of the United States. In accordance with • Is there a model identifier for each
§ 450.41(c), the FAA advises an applicant of configuration?
any issue raised during a policy review that
would impede issuance of a policy approval. § 450.41(e)(2)
To support the applicant's response, the FAA • For each stage, is there a description
may seek additional information from an that includes:
applicant in support of interagency o Dimensions?
consultation to protect U.S. Government o Mass?
interests. The FAA consults with Department o Types of propellants, with
of Defense, the Department of State, and quantities?
other Federal agencies, including the NASA, o Maximum thrust?
to address issues associated with an
applicant’s proposal. During pre-application § 450.41(e)(3)
consultation, the applicant will discuss any • Is there a declaration of foreign
unique situations or raise any concerns with ownership?
the FAA regarding its proposed operations.


§ 450.41(e)(4)
The flight profile, per (e)(4), needs to be 
provided in order for other agencies to 
adequately evaluate the potential for issues. 
Trajectory ranges should cover the azimuths 
that are contemplated, relative to each launch 


• Are launch and/or reentry sites
specified?


• Are contingency abort sites
specified, or listed as none?


or landing site. The regions where normal 
impacts occur should specify the region of 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


ocean, any regions on land or within 200 NM • Is there a range of flight trajectories
of land, and any regions intersecting foreign defining the extent of the contemplated
territory, including territorial waters. licensed activity?


• If there are contingency sites, are there
contingency abort profiles?


• Is there a sequence of planned events for
each vehicle configuration?


• Are there regions defined of where
normal impacts or landings may occur?


• Is there a list of intermediate orbits that
are contemplated for each
configuration?


• Is there a list of final orbits that are
contemplated for each configuration?


8.2 § 450.43 Per 450.43 Payload review and • Is there identification of the payload(s) Phase 1 
Payload review determination, the FAA issues a favorable or class of payloads (or specify no
and payload determination for a launch or reentry payload)?
determination. to a license applicant or payload owner or 


operator if an applicant, payload owner, or 
payload operator has obtained all required 
licenses, authorizations, and permits and its 
launch or reentry would not jeopardize 
public health and safety, safety of property, 
U.S. national security or foreign policy 
interests, or international obligations of the 
United States. In § 450.43(a), the FAA 
clarifies that a payload review is not required 
to accommodate the situation where there is 
no payload. Part 450 preserves the ability of 
payload owners and operators, as well as 
launch or reentry operators, to request a 
payload review independent of a launch 


• For payload(s) being launched, is each
item of § 450.43(i)(1) answered?


• For payload(s) being re-entered, is each
item of § 450.43(i)(2) answered?


• For unique payloads, is the information
provided concerning its intended use
sufficient to initiate interagency
consultation?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


license application that exists in the current 
regulations. While the FAA will review all 
payloads to determine their effect on the 
safety of launch, the FAA will not make a 
determination on those aspects of payloads 
that are subject to regulation by the Federal 
Communications Commission (FCC) or the 
Department of Commerce or on payloads 
owned or operated by the U.S. Government. 
During pre-application consultation the 
applicant will discuss the type, class and 
configuration of payload planned to be 
flown. 


8.3 § 450.45 
Safety review 
and approval. 


In accordance with § 450.45 Safety review 
and approval, the FAA will issue a safety 
approval to an applicant if it determines that 
an applicant can conduct launch or reentry 
without jeopardizing public health and safety 
and safety of property. 


The FAA also notes that an applicant must 


§ 450.45(e)(1) General
• Is there a glossary?
• Is there a list of referenced material?


§ 450.45(e)(2) Site
• Is there a list of launch and reentry


sites and contingency abort locations?
• For each site/location,


Phase 1; 


Phase 2-3: 
Glossary and 
references, per 
§ 450.45(e)(1),
should be
updated with


satisfy the application requirements in o Are the boundaries specified? subsequent
§ 450.45(e) and subpart C of this part. o Are the launch or landing point submissions
During pre-application consultation the locations quantitatively specified?
applicant will discuss its plans for addressing o Is the site operator specified?
the application requirements. o Are the facilities for pre-flight


operations identified?
The vehicle description is essential to the o Are the facilities for post-flight
development of functional hazard analyses operations specified?
per § 450.107(b) and flight hazard analyses § 450.45(e)(3) Vehicle description
per § 450.109. 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


• Does the vehicle description include
(“None” may instead be specified
where applicable):


o Structural characteristics?
o Thermal systems?
o Pneumatic systems?
o Propulsion systems?
o Electrical systems?
o Avionics and guidance systems?
o Propellants?


• Is there a reference to how hazardous
materials are identified?


• For each vehicle configuration specified
in § 450.3 Scope, is there either a table
of hazardous materials or a statement
that none exist?
o Does the table(s) include the type of


material?
o Does the table(s) include the


quantities of material?


• Are there drawings of each vehicle
configuration specified in § 450.3
Scope?


• Does the drawing(s) include physical
dimensions?


• Does the drawing(s) locate (e.g., label
in a drawing showing relative position):
o Safety critical systems?
o Major control systems?
o Propulsion systems?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Pressure vessels?
o Other hardware with hazardous


energy or materials (or specify that
none exist)


• If the rocket is unguided, is there a
table or graph of the center of pressure
relative to the center of gravity?


§ 450.45(e)(4) Mission schedule
• Is there a generic processing schedule?
• Does the schedule include


o Readiness activities?
o Safety-critical pre-flight


operations?
o Day-of-flight activities?


§ 450.45(e)(5) Human space flight


• Is there specification as to whether
there is a human on board?


• If there are humans on board,
o Are the crew qualifications and


training described?
o Are the crew training devices,


maintenance of training records,
and training schedule described?


o Is the environmental control and
life support system described?


o Is the smoke detection and fire
suppression system described?


o Are human factors of the vehicle
and operations described?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Is the vehicle’s flight test
verification program described?


o Is space flight participant training
described?


o Are the security measures for space
flight participant flights described?


§ 450.45(e)(6) Radionuclides
• Is there specification as to whether


there are radionuclides on board?
• If there are radionuclides,


o Are the types and quantities
identified?


o Is there a reference list of
radionuclide safety
documentation?


o Is there a description of approvals
from the Nuclear Regulatory
Commission?


8.4 § 450.47 
Environmental 
review. 


The environmental review for license or 
permit applications must meet the 
application requirements of the FAA’s 
Commercial Space Transportation 
Regulations (14 CFR part 400) to enable 
FAA to meet the National Environmental 
Policy Act (NEPA) (42 U.S.C. § 4321 et 
seq.), the Council on Environmental Quality 
Regulations (40 CFR Parts 1500 to 1508), 
and FAA Order 1050.1F, Environmental 
Impacts: Policies and Procedures. Before the 
environmental review can begin, an applicant 
must clearly define their proposal. The 
proposal should consider environmental 


• Is there one of the following:
o Draft Environmental Assessment


(EA),
o Final Environmental Impact


Statement (EIS),
o Information supporting a written


re-evaluation (WR), or
o Information supporting a


categorical exclusion (CATEX)?


Phase 1 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


factors that may result in potential 
construction and operational constraints. 
Identifying these constraints allows 
applicants to modify their proposed project 
before changes or modifications result in 
substantial delays or costs. The proposed 
project description will become what is 
referred to as the Proposed Action in the 
environmental review. 
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SYSTEM SAFETY PROGRAM 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


9.1 § 450.103 A documented system safety program Documented system safety program and Phase 1 
System establishes and defines pertinent implementation methods over the lifecycle. 
safety management principles, organizational 
program. structures, engineering processes, and safety 


analysis methodologies meant to ensure 
public safety is maintained throughout the 
lifecycle. 


§ 450.103(a) Safety organization
• Is there a description of the safety


organization including the roles of “Mission
Director”, “Safety Official”, or other key
personnel?


• Does it describe lines of communication?
• Does it describe approval authority including


the manner that safety concerns are
addressed?


§ 450.103(b) Hazard management
• Is there a description of the methods to


assess the system for hazards?
• Does it discuss methods for different phases


of the lifecycle?
• Does it discuss validating the hazard control


strategy determination?
• Is there a description of how updates to


hazard analyses are communicated through
the organization?


• Is there a description of how updates to
hazard analyses are implemented through the
organization?


• Does the description identify whether flight
hazard analysis may be required?


20 







  


 


   
 


 


    
  


  
  
  
  


 


 
  


  
  
 


 
  


 
 


 
 


   
  


 
  


 
   
  
  
  


 
   


 


 


 
 
 
 


 


 
 


 


 


 


 


 
 
 
 


 


12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


• If the flight hazard analysis is required, does
it discuss tracking of:
o Hazards?
o Risks?
o Mitigation measures?
o Verification activities?


§ 450.103(c) Configuration management and
control
• Is there a description of the Configuration


management and control process?
• Does it include safety-critical systems?
• Does it include safety-critical system


documentation?
• Does it include verification of correctness of


versions?
• Does it include documenting versions for


each licensed activity?


§ 450.103(d) Post-flight data review
• Is there a description of the post-flight data


review process?
• Does it discuss consistency comparison of


the post-flight data with:
o Hazard control strategy determinations?
o Flight hazard analyses?
o Flight safety analyses?
o Mitigation and hazard control


measures?
• Does it discuss resolution of identified


inconsistencies?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


• Does it discuss anomaly identification?
• Does it discuss addressing anomalies with


respect to:
o Flight hazard analyses?
o Flight safety analyses?
o Safety-critical systems?
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HAZARD CONTROL STRATEGIES. 
Section Narrative Objective Criteria to Determine if the 


Application is Complete 
Timeframe 


10.1 § 450.107 The approach to determining and validating • Are phases of flight identified? Phase 1; 
Hazard control hazard control strategies is an iterative • Do phases cover the entire period: Phase 2-3 for 
strategies process. The functional hazard analysis is o For orbital launch, from liftoff completion of 
determination. utilized to ensure that all potential hazards to 


the public have a determined hazard control 
strategy. A functional hazard analysis 
provides a holistic, systematic approach to 
identifying potential hazards and supports the 
validation of adequacy for determined hazard 
control strategies. If the hazards to the public 
are potentially mitigated, then the selected 
strategies are developed, and the supporting 


through orbital insertion, and
through all component impacts or
landings?


o For suborbital launch, from liftoff
through all component impacts or
landings?


o For disposal, from the initiation
of the deorbit through final
impact?


o For reentry, from the initiation of


§ 450.107(c)
validation
effort


data is used as general input for the flight 
safety analysis. If adequate mitigation is not 
validated by supporting data, then the hazard 
control strategy should be revisited. If 
validation is successful, then the flight safety 
analysis is used to demonstrate whether the 
safety criteria are satisfied. If the safety 
criteria cannot be met, then additional hazard 
controls must be implemented, in accordance 
with § 450.107(c). 


The identification of what is safety-critical 
through the functional hazard analysis is 
essential for determining the scope of 
§§ 450.141, 450.143, 450.149, 450.151,
450.153, 450.155, 450.157, 450.163, and
450.165.


the deorbit through all
component impacts or landing?


• Do functional hazard analyses cover
every phase of flight?


• Does each functional hazard analysis
account for:
o Functional failures?
o Safety-critical-systems?
o A timeline of safety-critical


events?
• Are there results of the functional


hazard analysis (validation of hazard
control strategies)?


• Is there a hazard control strategy
identified for each phase of flight?


• Is each hazard control strategy
described?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


10.2 § 450.108 Development of flight safety limits, which is This section only applies if flight abort is Phase 2 
Flight abort. most of this section, is performed in concert 


with the flight safety analysis. See the 
introduction to Flight Safety Analysis in this 
document for more discussion. 


Flight abort rules are the conditions under 
which a flight safety system must abort the 
flight. Some flight abort rules reference flight 
safety limits. Normally, flight abort rules are 


identified as a hazard control strategy in 
§ 450.107. If it is not, nothing needs to be
submitted.


§ 450.108(g)(1) Flight abort methods
• Does the flight abort methodology


reference an accepted means of
compliance?


provided as a concise set of criteria for a 
person or computer program to very quickly 
make a conclusive determination. 


§ 450.108(g)(2) Evaluation methods &
data


• Is there a description of how each
Flight safety limits are quantitative 
boundaries, normally based on evaluation of 
the vehicle state vector (and derived 
parameters, such as IIP). Normally, flight 
safety limits are provided in datafiles. 


“Critical parameters” are those parameters 
that demonstrate the vehicle is capable of 
completing safe flight through the upcoming 
phase of flight. Examples are vehicle thrust 
and perigee altitude. Commonly, the “list” 
and the “description” are provided as a table, 
where the description is more complete and is 


flight safety limit is evaluated
during flight?


• Is there a description of how each
flight abort rule is implemented
during flight?


• Are quantitative criteria provided
for each flight safety limit for a
representative flight?


• Are quantitative criteria provided
for each parameter in each flight
abort rule for a representative
flight?


quite precise. • Is there a list of critical parameters
used in the flight abort criteria?


• Is there a description of each
critical parameter?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


• Is there a description for how
values of critical parameters
required in paragraphs (c)(3) and
(e) of § 450.108 were determined?


• Are there quantitative criteria for
each critical parameter for a
representative flight?


§ 450.108(g)(3) Graphical depictions
• Is there a graphical depiction of


each flight safety limit for a
representative flight?


• Does each graphical depiction
include the nominal trajectory?


• Does each graphical depiction
include the extents of normal
flight?


• Does each graphical depiction
include limits of a useful mission
trajectories?


• Does each map include
uncontrolled area boundaries
together with the launch or
landing point?


§ 450.108(g)(4) Available data
• Is there a clear and complete


narrative description of vehicle
data available to evaluate flight
abort rules?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


10.3 § 450.109 Flight hazard analysis may be utilized as a This section only applies if flight hazard Phase 1; 
Flight Hazard hazard control strategy but may also be analysis is identified as a hazard control Phase 2-3 for 
Analysis mandated by § 450.107(c) 


A flight hazard analysis identifies key system 
design and operation data, documents the 
overall system safety risk to the public, and 
determines the necessary hazard controls 
(mitigations) to ensure the residual risk meets 


strategy in § 450.107 OR if the exception 
per § 450.143(a)(2) is being applied. If it 
is not, nothing needs to be submitted. 
• Is there a description of the flight


hazard analysis methodology for the
lifecycle?


completion of 
§ 450.109(b)(5)
validation
effort


acceptable criteria. 


The flight hazard analysis should be 
performed early in system development and 
operation conceptualization to define the 
system safety risk to the public in order to 
positively influence design and operation 
decisions. 


• Does the flight hazard analysis
identify hazards?


• Is there a failure mode identified for
each hazard?


• Does the analysis methodology
consider hazards from:
o Vehicle operation, including


staging and release?
AC 450.103-1, System Safety Program, 
provides guidance on severity categories and 
likelihood levels in Table 3 and Table 4 of 
Appendix A, including acceptable criteria for 
“extremely remote.” 


o System, subsystem, and
component failures or faults?


o Software operations?
o Environmental conditions?
o Human factors?
o Design inadequacies?
o Procedure deficiencies?
o Functional and physical


interfaces between subsystems,
including any vehicle payload?


o Reuse of components or
systems?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Interactions of the above?
• For each hazard, is there


identification of:
o Likelihood?
o Severity?


• Is there a definition of what
constitutes “extremely remote”
likelihood?


• For every hazard with a severity of
death or serious injury to the public,
is the mitigated likelihood “extremely
remote”?


• Are risk elimination and mitigation
measures identified and described?


• Are verification methods for risk
elimination and mitigation measures
identified and described?


• Is there documentation of verification
and validation achieving the risk
levels above?


• Is traceability demonstrated in the
hazard analysis data:
o For each hazard is there at least


one failure?
o For each hazard, is there as least


one mitigation?
o For each failure, is there at least


one cause?
o For each cause, is there at least


one mitigation?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o For each mitigation, is there at
least one verification?


o For each mitigation, is there a risk
assessment?


• Is there documentation of the
techniques for identifying new
hazards?


• Does the documentation include
criteria for identification of new
hazards?


10.4 § 450.110 
Physical 
containment. 


Physical containment is a hazard control 
strategy described in § 450.110. The focus in 
pre-app is on the methods used to demonstrate 
that the launch vehicle does not have 
sufficient energy for any hazards associated 
with its flight to reach outside the flight 
hazard area. FAA reviews the proposed 
means of compliance in pre-app to confirm 
that the methodologies will result in 
compliance with the regulation. 


This section only applies if physical 
containment is identified as a hazard 
control strategy in § 450.107. If it is not, 
nothing needs to be submitted. 


§ 450.110(c)(1) Extent of hazard
• Is the method for determining


maximum range of the vehicle
described?


• Is the size of the hazard area
around an impact discussed?


§ 450.110(c)(2) Clearance
• Are the methods for clearing flight


hazard areas of the public
documented?


• Is the potential for critical assets
within the flight hazard areas
discussed?


Phase 2 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


10.5§ 450.111 Wind 
weighting. 


Wind weighting is a hazard control strategy 
described in § 450.111. The focus in pre-app 
is to identify a means of compliance for the 
wind weighting analysis methods, including 
the method and schedule of determining wind 
speed and wind direction for each altitude 
layer. FAA reviews the proposed means of 
compliance in pre-app to confirm that the 
methodologies will result in compliance with 
the regulation. 


This section only applies if wind 
weighting is identified as a hazard control 
strategy in 450.107. If it is not, nothing 
needs to be submitted. 


§ 450.110(e)(1) Methods
• Are the methods of performing


wind weighting to determine
launcher (e.g., launch rail)
parameters documented?


• Is the method for determining
wind as a function of altitude
documented?


• Is there a schedule for making
wind measurements?


§ 450.110(e)(2) System
• Is there a description of the wind


weighting safety system?
• Does the description include


equipment?
• Is there a wind weighting analysis


for a representative flight?
• Does it include launch areas


winds?
• Are there samples of wind


weighting output?


Phase 2 
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11 FLIGHT SAFETY ANALYSIS. 


11.1.1 Flight Safety Analysis (FSA) consists of sections §§ 450.113 through 450.139. Sections 
450.113 and 450.115 provide general requirements that apply to each of the 
sub-analyses, which are discussed in §§ 450.117 through 450.139. Pursuant to 
§ 450.35(a)(1), a means of compliance must be accepted by the Administrator for
§ 450.115(b)(1) prior to application acceptance.


11.1.2 Note that § 450.115(b) is a requirement on the level of fidelity of the applicant’s FSA 
method. The FSA method is the accumulation of the methods for each sub-analysis 
(§§ 450.117 through 137), as well as flight abort (§ 450.108). Thus, the FSA MOC
needs to cover every sub-analysis. However, the FAA does not require that the same
MOC type (see the types of acceptable MOC discussed in the Means of Compliance
section of this document) be used for each sub-analysis. Instead, the applicant should
specify which of the MOCs is being used for each of the requirements. For example,
when operating from a Federal Range, it is common to use Federal Entity Services for
most of the sub-analyses, and an applicant-specific method for the sub-analyses that the
Federal Range does not perform.


11.1.3 The FSA method must apply for the entire scope of the analysis in accordance with 
§ 450.115(a).1 Applicants should consider performing preliminary functional hazard
analyses prior to submitting their FSA method for review since the system safety
process identifies “reasonably foreseeable events and failures” that ultimately determine
the proper scope of the FSA method under § 450.115(a). For this reason, applicants are
encouraged to include any preliminary functional hazard analyses with their FSA
methodology documentation to facilitate the FAA’s review of their FSA method.


11.2 FSA Application Requirements. 


11.2.1 Each of the FSA sub-analysis sections contains application requirements. These 
application requirements may be considered as three categories: methodology, 
narratives, and data for a representative analysis, as discussed below. 


11.2.2 The first type of application requirement includes those that begin with the words “a 
description of the methods” which refer to § 450.115(c). An applicant-specific MOC 
for FSA (type 5 in in the Means of Compliance section of this document) for a 
regulation section is an FAA-approved methodology. Thus, if an applicant is submitting 
a new methodology which will be used as a MOC for any of the flight safety analysis 
requirements, they will be focal points for pre-application conversations. See below for 
guidelines for a complete methodology description. 


1 § 450.115(a) provides essential context for understanding § 450.115(b). 
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11.2.3 The second type of application requirements are narrative descriptions. There are only 
a few requirements of this type (e.g., § 450.119(c)(3)). Advisory Circulars provide 
guidance of satisfactory versions of these. It is important that the narrative cover all 
phases of flight. 


11.2.4 The third type of application requirement is representative data, obtained by 
performing an FSA for a representative operation. A representative operation is one that 
is covered by the scope of the vehicle operator license (§ 450.3). It should be 
appropriate to all vehicle configurations (see § 450.45). For example, if solid rocket 
boosters are part of one configuration, the representative analysis should include them. 
The analysis must cover all phases of flight as required by § 450.113. The 
representative analysis should result in satisfying the safety criteria in § 450.101, in 
order to demonstrate that the methods have sufficient fidelity to be appropriate for the 
license, per § 450.115(b)(1). This analysis process is then performed throughout the 
lifecycle of all proposed operations, for all phases of flight, to demonstrate compliance 
with the safety criteria for each operation are met at the time of the launch commit 
decision. The application materials should be of sufficient detail for evaluating the 
safety criteria for all proposed operations within the scope of license. 


11.3 FSA Methodology Description. 


11.3.1 There are three general aspects to determining completeness for a methodology: 
content, rigor, and depth. The content must 1) address each element of the regulations 
for the subject sub-analysis (e.g., constraints, objectives, and application requirements) 
with a scope and level of fidelity in accordance with § 450.115(a) and (b), and 2) cover 
each element of § 450.115(c). The level of fidelity means the exactness to which the 
approach reflects the actual physical world‒a higher level of fidelity has less uncertainty 
and/or bias. The content should also describe the intended usage and limitations for 
each proposed method. The rigor of the description should ensure that the logic is clear, 
and discussions (especially of processes) are definitive; equations and flowcharts are 
often helpful to clarify. A knowledgeable reader should be able to read a methodology 
and produce nearly the same answer for the same vehicle, provided they had access to 
the raw data. current ACs and other previously approved methodologies provide 
specific guidelines for satisfactory content, rigor, and depth for a valid methodology 
description. 
Note: Some sections of ACs implicitly rely on long-established Federal Range 
precedent as rationale, so therefore have less detailed derivation and/or justification). 


11.3.2 Pre-application conversations on the proposed method for FSA, particularly for novel 
operations and new methodologies, are an efficient means to reach a mutual 
understanding of the appropriate content, rigor, and depth. Pre-application 
conversations on the “ground rules and assumptions” used in a proposed FSA 
methodology should address each of the requirements of § 450.115(c) over the lifecycle 
of the proposed license activities. For example, the input data and assumptions used for 
some FSA methods, such as the trajectory analysis for normal flight, naturally evolve 
given higher uncertainties prior to the first flight. If an applicant proposes multiple 
flights, the application, per § 450.103(e)(2), must include a summary of the processes 
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and products identified in the system safety program that enable FSA method updates to 
comply with the post-flight data requirements in § 450.103(d). Since the nature of the 
methodology updates often depend on the specifics of the data or anomalies identified 
during the post-flight data review, the applicant should consider defining a process that 
involves the FAA in evaluating proposed FSA methodology updates2 based on post-
flight data. For example, a complete submission may include a post-flight data review 
process with an objective to identify any element of the flight safety analysis content, 
rigor, or depth that should be updated given the post-flight evidence. Such a post-flight 
data review process may involve the FAA in discussions intended to gain mutual 
understanding of any updates to the ground rules and assumptions appropriate for future 
flights based on the specifics of the data or anomalies identified during the post-flight 
data review. 


11.3.3 The following provides additional guidance regarding the requirements of § 450.115(c): 
1. The scientific principles and statistical methods used;


This is the data, including reference data, and mathematics that are used to describe
the physical phenomena and the associated uncertainties. Modeling should be based
on established physics, standard statistical methods, and/or empirical data.
References to appropriate literature should be provided. Scientific principles refer
to knowledge based on the scientific method, such as that established in the fields
of physics, chemistry, and engineering. An analysis based on non-scientific
principles, such as astrology, would not be consistent with this standard.
A statistically valid analysis is the result of a sound application of mathematics and
accounts for the uncertainty in any statistical inference due to sample size limits,
the degree of applicability of data to a particular system, and the degree of
homogeneity of the data.


2. All assumptions and their justifications;
There are two types of assumptions in a methodology: 1) the scope of scenarios for
which the methodology is intended to apply (and not apply), and 2) the physical
phenomena that are relevant to the modeling. These assumptions should be stated
clearly at relevant points within the narrative. Key assumptions should also be
summarized separately, such as the assumptions on the scope of applicability of the
method.


3. The rationale for the level of fidelity;
The applicant should discuss the fidelity of the approach and explain how this was
determined. Fidelity means the degree of exactness of the approach relative to the
actual physical world, so this usually involves a discussion of the biases and
uncertainties associated with the method (ideally quantitative). A key aspect of part
450 is that the fidelity of the analysis only needs to be sufficient to demonstrate
compliance with the safety criteria, accounting for uncertainty; see § 450.115(b).


2 An application for a license modification would be required if this is significant update (material change). 
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4. The evidence for validation and verification (V&V) required by § 450.101(g);
Department of Defense Modeling and Simulation (M&S) Verification, Validation,
and Accreditation (VV&A) Instruction Number 5000.61 Change 1, dated
October 15, 2018, provides a good overview of V&V for modeling and simulation.
The rigor of V&V depends on the level of criticality of the model (so independent
V&V is not usually necessary); see also § 450.143 and associated guidance.
An appraisal of the software development process (e.g., comparison to the CMMI
best practices), is an effective way of demonstrating ongoing V&V. The V&V
discussion should also consider processes, particularly those that must happen in a
short time frame, such as during the countdown to an operation.


5. The extent to which the benchmark conditions are comparable to the foreseeable
conditions of the intended operations.
Benchmark conditions are situations where the modeling approach has been
compared to empirical data and/or other modeling approaches. These should be
compared to the intended scope of the methodology, discussing the regimes where
the model is closer to and further from the benchmarks.


6. The extent to which risk mitigations were accounted for in the analyses.
This describes how mitigations (e.g., flight safety system, hazard areas, trajectory
limits) are incorporated in the analysis process. Mitigations are those described in
the functional hazard analysis.


11.3.4 It is helpful if a complete methodology description includes an overview discussion 
guiding the reader to where each required element may be found. It is usually 
convenient for sub-analysis descriptions to be separate documents, and often, even 
within a regulation section, there may be multiple methodology documents. For 
example, § 450.121 includes breakup and debris analysis; the methodologies for 
determining breakup criteria (structural limits), debris catalog, and debris 
propagation/dispersion are often separate documents. Many descriptions may reference 
a common document, such as a software development plan to discuss how software 
implementations undergo verification per § 450.115(c)(4). 


11.3.5 In accordance with § 450.35(a)(1), the FAA will only accept an application that uses 
previously accepted flight safety analysis methodologies for all sub-analyses for all 
phases of flight. A compliance matrix is a helpful approach to demonstrate compliance 
with this requirement. 
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11.4 FSA MOC for a Single Planned Flight Profile. 


11.4.1 Scoping the initial FSA MOC using a single planned flight profile may reduce the initial 
effort for an applicant for their first operations because the level of rigor of the 
methodology description may be significantly lower. This occurs because it 
significantly limits the scope of the FAA’s evaluation of compliance of the 
methodology description with § 450.115(b) and § 450.101(g). This approach may be 
useful to applicants who only need a single flight profile for first flights of a new 
vehicle in development, but it is not intended for long term operational needs. Each new 
mission profile requires a license modification and subsequent FAA review. This 
approach is only a viable path for situations where collective risk is significantly below 
the safety criteria and mitigations can include larger operational restrictions (e.g., larger 
hazard areas). It is generally not suitable to optimize operational constraints for a 
frequent operational cadence. 


11.4.2 To utilize this approach, an applicant may choose to scope their methodology and data 
to a single planned flight profile instead of requesting that a methodology be approved 
for variety of flight profiles and operations. The applicant should discuss the suitability 
of this approach with the FAA during pre-application consultations. The application 
should state that: 


• The data in application submissions are for the actual planned flight profile rather
than just “representative” data.


• The risk analysis is applicable to all foreseeable conditions within the launch
commit criteria, in accordance with § 450.135(a)(1) and § 450.137(a)(1).
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


11.5 § 450.115 
Flight safety 
analysis 
methods. 


This requirement is referenced by each flight safety analysis section as part of the 
methodology descriptions, which are a Means of Compliance. 


Prior to application 
submission 


11.6 § 450.117 
Trajectory 
analysis for 
normal flight. 


§ 450.117(d)(1) Vehicle's flight behavior methods
• Does the normal trajectory analysis methodology reference an accepted


means of compliance?
§ 450.117(d)(2) Quantitative input data
• Is there normal trajectory analysis input data for all phases of flight?
• Does the normal trajectory analysis input data include uncertainties?


§ 450.117(d)(3) Atmospheric conditions
• Does the normal trajectory analysis atmospheric data account for all phases


of flight?
• Is there a definition of the worst atmospheric conditions under which flight


will be attempted, such as a table of criteria?
• Is there a description of how atmospheric conditions will be evaluated prior


to initiating the operation?
• Is there a description of how uncertainty in the atmospheric conditions will


be evaluated prior to initiating the operation?
§ 450.117(d)(4) Nominal flight trajectory analysis outputs for a representative
flight


• Does the normal trajectory data account for all phases of flight?
• Does the normal trajectory data include position, velocity, and orientation


for each second of flight?
• Is there a nominal trajectory?


Phase 1 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


• Is there a set of trajectories (normally at least four) that characterize
variability in the intended trajectory based on conditions known prior to
initiation?


• Is there a set of trajectories (normally hundreds) that characterize how the
actual trajectory could differ from the intended trajectory due to random
uncertainties?


11.7§ 450.119 § 450.119(c)(1) Vehicle's flight behavior methods Phase 1 
Trajectory • Does the malfunction trajectory analysis methodology reference an
analysis for accepted means of compliance?
malfunction 
flight. § 450.119(c)(2) Limits of useful mission methods


• Do the limits of a useful mission determination methodology reference an
accepted means of compliance?


§ 450.119(c)(3) Malfunction flight behavior
• Does the malfunction trajectory analysis input data account for all phases


of flight?
• Is there a list of each cause of malfunction flight considered?
• Is there a list of each type of malfunction flight for which malfunction


flight behavior was characterized?
• Is there a quantitative description of the parameters with a significant


influence on the vehicle's malfunction behavior?
• Does the quantitative description of the malfunction flight parameters


include uncertainties?
• Does the quantitative description cover each type of malfunction flight


characterized?
Note: A quantitative description of a parameter specifies the numerical values. A 
quantitative description of an uncertain parameter should be in the form of a 
distribution with its numerical parameters specified (e.g., mean and standard 
deviation for a normal distribution). 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


§ 450.119(c)(4) Malfunction flight trajectory analysis outputs for a representative 
flight 


• For each phase of flight, are there sets of trajectories (normally a few sets 
of hundreds or more, depending on the failure mode, phase of flight, and 
resolution required) for different types of malfunction flight? 


• Do the malfunction trajectories contain position and velocity as a function 
of flight time? 


• Is the probability of each set of trajectories that characterizes a type of 
malfunction flight specified? 


• Is there a set of trajectories that characterizes the limits of a useful mission? 
(This set normally contains at least six trajectories). 


11.8 § 450.121 
Debris analysis. 


§ 450.121(d)(1) Hazardous scenarios 
• Does the description of hazardous scenarios account for all phases of 


flight? 
• Does the description of hazardous scenarios include the event sequence for 


multiple causes of vehicle breakup and intact impact? 
§ 450.121(d)(2) Breakup analysis methods 


• Does the methodology reference an accepted means of compliance for 
breakup criteria (structural limits) analysis? 


• Does the methodology reference an accepted means of compliance for 
breakup debris analysis? 


• Does the methodology reference an accepted means of compliance for 
impact analyses (when propellant or other hazardous substances are present 
at impact)? 


§ 450.121(d)(3) Methods for dispersions 
• Does the methodology reference an accepted means of compliance for 


computing debris impact dispersions? 


Phase 1 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


§ 450.121(d)(4) Atmospheric data
• Is there a narrative description of the atmospheric data used?
• Does the description include references to specific data sources?
• Does the description account for all phases of flight?
• Does the description identify the data elements used, including wind


uncertainty?
§ 450.121(d)(5) Output debris data for a representative flight


• Does the debris data cover all hazardous scenarios for each phase of flight?
• Does the debris data include physical characteristics of debris (size, mass)?
• Does the debris data include aerodynamic characteristics of debris (ballistic


coefficient with uncertainty, lift uncertainty, breakup-induced velocity)?
• Does the debris data include harmful characteristics (including explosives


or toxics)?
11.9 § 450.123 


Population 
exposure analysis. 


§ 450.123(c)(1) Exposure input data methods
• Does the methodology reference an accepted means of compliance for


determining population exposure regions, characterized by fidelity and
resolution required?


• Is there a methodology associated with each identified region?
• Does each identified methodology reference an accepted means of


compliance for developing population exposure data?
§ 450.123(c)(2) Population exposure data for a representative flight


• Is there a demonstration that the region covered by the population exposure
data is sufficient?


• Does the population exposure data include population as a function of
geographic location?


• Is the population data in tabular form (normally should be machine
readable)?


Phase 2 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


11.10 § 450.131 
Probability of 
failure analysis. 


§ 450.131(f)(1) Probability of failure (POF) analysis methods
• Does the methodology reference an accepted means of compliance for


probability of failure development?
§ 450.131(f)(2) Failure probability data for a representative flight


• Does the POF data account for all phases of flight?
• Is there tabular (quantitative) data on the predicted failure rate for multiple


failure modes for each phase of flight?
• Are their graph(s) of the predicted failure rate for each failure mode for


each phase of flight?
• Is there tabular (quantitative) data of the cumulative failure probability for


each foreseeable failure mode for each phase of flight?
• Are their graph(s) of the cumulative failure probability for each failure


mode for each phase of flight?


Phase 2 


11.11 § 450.133 
Flight hazard 
area analysis. 


§ 450.133(e)(1) Vehicle's flight behavior methods
• Does the methodology reference an accepted means of compliance for flight


hazard area analysis?
§ 450.133(e)(2) Flight hazard area analysis results for a representative flight
• Are there geographic coordinates that define the boundaries of all hazard


areas?
• Are there contours that demonstrate 97 percent probability of containment


for debris resulting from normal flight events capable of causing a casualty?
Note: Contours, in this section, means a set of geographic coordinates 
defining an isopleth, normally rendered on a map. 


• Are there individual probability of casualty contours for unsheltered people?


• Do the unsheltered probability of casualty contours specify 1E-5 and 1E-6
levels?


Phase 3 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


• Are there probability of casualty-producing impact contours for persons on a
waterborne vessel?


• Do the waterborne vessel probability of impact contours specify 1E-5 and
1E-6 levels?


• Are there probability of casualty-producing impact contours for persons on
an aircraft?


• Do the aircraft probability of impact contours specify 1E-6 and 1E-7 levels?
11.12 § 450.135 


Debris risk 
analysis. 


§ 450.135(c)(1) Compliance methods
• Does the methodology reference an accepted means of compliance for debris


risk analysis?
§ 450.135(c)(2) Atmospheric data
• Is there a description of atmospheric data used as input for the debris risk


analysis?
Note: Normally this is the same as the data used for debris analysis, 
§ 450.121(d)(4), and that could be referenced here.


§ 450.135(c)(3) Unsheltered casualty area
• Is there an effective unsheltered casualty area for all fragment classes for all


phases of flight?
§ 450.135(c)(4) Sheltered casualty area


• Is there an effective casualty area for all phases of flight for all fragment
classes for:
o One or more types of buildings?
o One or more types of ground vehicles?
o One or more types of waterborne vessels?
o One or more types of aircraft?


§ 450.135(c)(5) Debris risk analysis outputs for a representative flight, with both
representative and worst-case conditions under which an operation might be
attempted.


Phase 3 
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


• Is there a total collective casualty expectation?
• Is there a total collective casualty expectation?


o Is there a collective risk contribution for (at minimum) the top ten
population centers?


o Is there a list of all centers with collective risk exceeding 1% of 2 x 10-4 


expected casualties for all neighboring operations personnel (NOPs)?
o Is there a list of all centers with collective risk exceeding 1% of 1 x 10-4 


expected casualties for all members of the public (excluding [NOPs])?
• Individual risk


o Are the ten population centers with the highest maximum individual
risks identified?


o Is there a list of all centers that exceed 10% of 1 x 10-5 probability of
casualty for any neighboring operations personnel?


o Is there a list of all centers that exceed 10% of 1 x 10-6 probability of
casualty for any member of the public (excluding NOPs)?


• Conditional risk
o Is there a list of the conditional collective casualty expectation results


for each failure mode for each significant period of flight (e.g., 1s
intervals)?


o Are all of the outputs required by 450.135(c)(5) provided for two
cases, one labeled “representative” and one labeled “worst
foreseeable”?


11.13 § 450.137 § 450.137(c)(1) Population center, terrain, etc. description Phase 1: 
Far-field • Is there a description of the population centers used as input that addresses § 450.137(c)(2)
overpressure blast the requirement in 450.137(b)(3)?
effects analysis. 


• Is there a description of the terrain used as input?


Note: This is usually a narrative along with digital data. 


Phase 2: 
§ 450.137(c)(1)
§ 450.137(c)(3)
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


§ 450.137(c)(2) Probability pairs methods § 450.137(c)(4)
• Does methodology reference an accepted means of compliance for


computing yield probability pairs?
§ 450.137(c)(8)


• Is there a set of yield-probability pairs? Phase 3: 
§ 450.137(c)(3) Peak incident overpressure methods § 450.137(c)(5)


• Does the methodology reference an accepted means of compliance for § 450.137(c)(6)
computing peak incident overpressure?


• Are sample calculations included for a representative range of foreseeable
meteorological conditions, yields, and population centers?


§ 450.137(c)(4) Window breakage methods
• Does the methodology reference an accepted means of compliance for


computing the probability of window breakage?
• Is there tabular data for the probability of window breakage as a function of


the peak incident overpressure?
• Are there graphs of the probability of window breakage as a function of the


peak incident overpressure?
• Does the probability of window breakage data cover a representative range


of window types?
• Does the probability of window breakage data cover a representative range


of building types?
• Does the probability of window breakage data cover a representative range


of yields?
§ 450.137(c)(5) Individual probability of casualty (Pc) methods


• Does the methodology reference an accepted means of compliance for
computing the Pc for a representative individual?


• Is the Pc for a representative individual as a function of location relative to
the window and peak incident overpressure?


§ 450.137(c)(7)
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Section Objective Criteria to Determine if the Application is Complete Timeframe 


• Does the Pc account for a representative range of window types?
• Does the Pc account for a representative range of building types?
• Does the Pc account for a representative range of yields?


§ 450.137(c)(6) Exposed persons data
• Is there tabular/graphic data showing the hypothetical location of any


NOPs that could be exposed to Pc ≥ 1 x 10-5? (or a statement that there are
no NOPs at the site)


• Is there tabular/graphic data showing the hypothetical location of any other
member of the public that could be exposed to Pc ≥ 1 x 10-6?


• In lieu of the tabular/graphic data on the hypothetical location of member
of the public, are there tabular/graphic data on the actual location where
members of the public (both NOPs and otherwise) would be subject to the
maximum individual risks under the worst-case conditions when an
operation might be attempted?
§ 450.137(c)(7) Max expected casualties


• Does the application identify a maximum expected casualties that could
result from far-field overpressure hazards?
§ 450.137(c)(8) Meteorological measurements


• Is there a description of meteorological measurements used as input
including the temporal and spatial resolution?
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Section Narrative Objective Criteria to Determine if the Application is 
Complete 


Timeframe 


11.14 § 450.139 Prior to application acceptance, a § 450.139(e)(1) Phase 1: 
Toxic hazards means of compliance for • Does the methodology reference an accepted § 450.139(e)(1)
for flight. § 450.139 must be accepted. means of compliance for toxic risk analysis? § 450.139(f)(1)


Hazards associated with toxics § 450.139(f)(1) § 450.139(f)(2)
utilized during licensed flight 
must be properly managed and 


• Is a reference for what constitutes a toxic
substance identified?


§ 450.139(f)(7)


compliance demonstrated with 
criteria in § 450.101. 


• Are possible toxic release sources identified
from:
o Propellants?


Phase 2: 
§ 450.139(f)(3)


o Chemicals? § 450.139(f)(4)
o Combustion products?
o Derivatives?


§ 450.139(f)(5)


§ 450.139(f)(2) Phase 3: 
• Is there a list of toxic concentration and duration § 450.139(f)(6)


thresholds?
§ 450.139(f)(3)


• Are meteorological conditions provided?


§ 450.139(f)(4)
• Is a characterization of terrain provided?


§ 450.139(f)(5)
• Is the toxic dispersion modeled identified?
• Is other input data to the toxic model provided?


§ 450.139(f)(6)
• Are representative results of the toxic analysis


provided?
• Do the results include toxic concentrations and


durations?


§ 450.139(f)(8)
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§ 450.139(f)(7)
• Are failure modes and probabilities of toxic


scenarios provided?
• Are representative results of a worst-case toxic


release provided?


§ 450.139(f)(8)
• Is the use of a containment or risk assessment


approach specified?
• If a containment approach is used:
o Is there a description of evacuation plans?
o Is there a description of meteorological


constraints and associated launch commit
criteria?


• If a risk assessment approach is used:
o Is there a demonstration of compliance with


safety criteria?
o Is population data provided?
o Is there a description of risk mitigations?
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PRESCRIBED HAZARD CONTROLS FOR SAFETY-CRITICAL SYSTEMS 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


12.1 § 450.141 
Computing 
systems. 


In pre-application, FAA reviews 
documentation to define an agreed 
set of computing system safety 
items, assess the criticality of each 
computing system safety item, and 
evaluate the development 
processes for the computing 


§ 450.141(d)(1)
• Is there a list of computing system safety items


(CSSI)?
• Is there a description of how severity is


determined?
• Is there a description of how degree of control


Phase 1: 
§ 450.141(d)(1)
§ 450.141(d)(3)


Phase 2: 
§ 450.141(d)(2)


system safety items to verify is determined? Phase 3: 
sufficient rigor. • Is the degree of control specified for each § 450.141(d)(4)


The identification and assessment 
of computing system safety items 
(CSSI) is accomplished through 


CSSI?
• Is the severity of outcome specified for each


CSSI?


§ 450.141(d)(5)


§ 450.107 functional hazard
analysis, flight hazard analysis,
and/or other software safety
analysis.


With respect to “evidence”, this 
means artifacts of the development 
process, such as design documents, 
test reports, etc. 


• Are criticality levels defined?
• Is the level of criticality specified for each


CSSI?
§ 450.141(d)(2)
• Are there safety requirements for each CSSI?
• Is a description of the approach for identifying


safety requirements included?
• Is a description of the approach for evaluating


each safety requirement included?
§ 450.141(d)(3)
Is there documentation of:
• Responsibilities for tasks associated with


CSSIs?
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


• Processes for internal review and approval of
CSSIs?


• Processes to ensure development personnel are
trained, qualified, and capable of performing
their role?


• Processes that trace requirements to
verification and validation evidence?


• Processes for configuration management?
• Processes for testing?
• Reuse policies?
• Third-party product use policies?


§ 450.141(d)(4)
• Is there evidence of the development process


being executed for each CSSI?
§ 450.141(d)(5)
• Is there evidence for verification of


implementation of each safety requirement
identified for each CSSI?


12.2 § 450.143 The robustness of safety-critical § 450.143(f)(1) Safety-critical systems Phase 1; 
Safety-critical 
system design, 


systems must be demonstrated via 
compliance to the design, test, and • Is there a list of safety-critical systems? Phase 2-4 for 


completion 
test, and documentation requirements of • Is there a description of each safety-critical qualification 
documentation. § 450.143.


Safety-critical systems of flight 
systems are primarily identified via 
§ 450.107 functional hazard
analysis. Additional “safety-critical


system?


§ 450.143(f)(2) Drawings
• Are there drawings and/or schematics that


include every safety-critical system?


and acceptance 
with results / 
data and 
resolution of 
findings 
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


system” designations may be § 450.143(f)(3) Operating environments, for each
determined via § 450.109 flight safety-critical system identified in (f)(1):
hazard analysis, flight safety 
analysis, § 450.185 ground hazard 
analysis, or other system safety 
analyses. Safety-critical systems 


• Is there a summary of the analysis approach
to determine the predicted operating
environments?


may be excluded per • Does each summary discuss how the
§ 450.143(a)(2). duration of associated testing is determined?


• Does each summary discuss how service-life
is determined?


§ 450.143(f)(4) Validation
• Is there a description of method(s) used to


validate the predicted operating
environments?


§ 450.143(f)(5) Aging
• Is there a description of instrumentation or


inspection processes to monitor aging of
each safety-critical system?


§ 450.143(f)(6)
• Are there criteria and procedures for disposal


or refurbishment for service life extension of
safety-critical system components?


§ 450.143(f)(7)
• Is there a description of the standards used


for different phases of the system lifecycle?
Normally this is a list of documents with a
summary description and how they are
applied to the system lifecycle.
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


12.3 § 450.145 
Highly reliable 
flight safety 
system. 


Part § 450.35(a) requires that a 
means of compliance must be 
accepted by the Administrator for 
the § 450.145(b) Highly reliable 
Flight Safety System prior to 
application acceptance. The flight 
safety system includes the Flight 
Termination System and the Range 
Tracking System. 


FAA regulations identify RCC 319 
and RCC 324 as a means of 
compliance accepted by the 
Administrator for § 450.145 
Highly Reliable FSS.  


Is there an accepted Means of Compliance 
specified? This is normally a mature draft of 
tailored versions of RCC 319 and 324. 


§ 450.145(d)(1)
• Is there a description of the flight safety


system?
• Does the description include:
o Flight safety system component list,


including vendor and heritage (if any)?
o Function(s) of each component?
o Operational scenario(s), including launch


locations or Ranges?
• Is there a method for predicting the


environments for each operational scenario
and mission phase?


§ 450.145(d)(2)
• Is there a flight safety system design,


including top level block diagrams and
schematics?


• Do the diagrams include:
o Subsystems?
o Interconnections between systems?


§ 450.145(d)(3)
• Is there a list and schedule for submitting the


analyses and documentation required to
support the reliability and confidence of a
highly reliable flight safety system?


• If using a tailored RCC 319, does this list
include:
o Flight safety system report?


Phase 1: 
MOC 
§ 450.145(d)(1)
§ 450.145(d)(2)
§ 450.145(d)(3)


Phase 2: 
§ 450.145(d)(4)
§ 450.145(d)(5)


Phase 3: 
§ 450.145(d)(6)


49 







  


 


   
 


 


  
 


  
  
  
  
  
  
  
  
  


 
  
  


 
  


  
 


 
   


 
 


 
 


  
  


 
  


   
    


 


 


 
 
 
 
 
 
 
 
 


 
 


 


 


 


 


12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Component preliminary and critical design
reviews?


o Reliability analysis?
o Bent pin analysis?
o Single point failure analysis?
o Fratricide analysis?
o RF link and radiation analysis?
o Sneak circuit analysis?
o Power budget analysis?
o Breakup analysis?
o Command and auto destruct timing


analysis?
o Qualification by similarity analysis?
o Software & firmware analysis?


§ 450.145(d)(4)
• Is there a schedule for submitting procedures


for validating tracking data?
§ 450.145(d)(5)


• Is there a list and schedule for submitting the
qualification and acceptance test plans and
procedures?


• Is there a schedule for conducting approved
test procedures?


§ 450.145(d)(6)
• Is there a monitoring plan for operating


environments?
If using a tailored RCC 319 and the system is 
intended for reuse on multiple flights, does the plan 
include a discussion of assessment of component life 
remaining? 
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12/18/2023 AC 413.13-1 


OTHER PRESCRIBED HAZARD CONTROLS 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


13.1 § 450.147 
Agreements. 


The FAA requires documentation of written 
agreements between the operator and 
applicable outside entities. The entities 
include three types: site operators, entities as 
identified as needed to control hazard areas 
(per § 450.161), and entities providing 
emergency response. 


These agreements need not be signed at the 
time the application materials for this 
requirement are submitted. The agreements 
should be ready for signature and available 
for the FAA to request. If operating from a 
site that holds an existing agreement 
covering vehicle operations, that agreement 
may be used in lieu of developing a new 


• Is there a list of agreements?
• Is there a description of each


agreement?
• Are there effective dates for each


agreement?
• Does the list include agreements


with:
o Site operator(s) for each launch


or reentry site or a statement that
the applicant is the site operator?


o Maritime authority(ies) for
Issuance of Notice to Mariners or
a statement that no water areas
will be affected?


Phase 2 


agreement. 


With respect to the U.S. Coast Guard, a letter 
of intent is sufficient as an agreement, per 
the FAA United States Coast Guard Letter of 
Intent (LOI) Policy Statement. 
https://www.faa.gov/space/legislationregulati 
onguidance/uscg-letter-intent-loi-policy-
statement 


o Air navigation authority(ies) for
Issuance of Notices to Air
Missions [formerly Airmen]?


o Entity(ies) providing emergency
response services?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


13.2 § 450.149 The performance-based requirement set forth § 450.149(b)(1) Phase 1: 
Safety-critical 
personnel 
qualifications. 


in § 450.149 allows operators to document 
and describe how it will satisfy the personnel 
qualification program requirements and 
identify by position those individuals who 
implement the program. During pre-


• Is there a list of safety-critical
tasks (per § 450.107) that
qualified personnel must
perform?


Preliminary 
submission 


Phase 3: 
Final 


application consultation the applicant will § 450.149(b)(2) submission 
discuss and identify the expected safety- • Is there a description of
critical tasks and safety-critical personnel requirements for training for each
qualifications, including training. The identified task?
discussion will involve internal training and • Is there a currency requirement
currency requirements, completion (or specified as none) for each
standards, or any other means of identified task?
demonstrating compliance with the 
regulation. The applicant will be informed 
that the FAA may request and review 
documentation or observe activities while on 
site to verify compliance. 


• Is there a description of capability
(e.g., physical, medical)
requirements for each identified
task?


§ 450.149(b)(3)
• Is there a description of the


process for tracking currency?
13.3 § 450.151 Work The performance-based requirement set forth § 450.151(c) Phase 1: 


shift and rest 
requirements. 


in § 450.151 allows operators to take into 
account factors affecting crew rest and adopt 
mitigations and procedures unique to their 
launch operation. During pre-application 


• Is there a set of rest rules for
safety-critical personnel?


• Do the rules include:


Preliminary 
submission 


Phase 3: 
consultation the applicant will be asked to o The duration of the work shift? Final 
discuss work shift and rest requirements, and o A process for extending a work submission 
the plan for implementing rest requirements shift?
that ensure safety critical personnel are o A maximum allowable length
physically and mentally capable of of extension of a work shift?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


performing assigned tasks. The applicant will o The number of consecutive
be informed that FAA may request and work shift days allowed?
review documentation or observe activities 
while on site to verify compliance. 


• Do the rules include a minimum
period of rest required:


Note: Safety-critical personnel may be 
determined via association with safety-
critical systems (identified via § 450.107 


o Between work shifts?
o Prior to flight countdown work


shift?
functional hazard analysis), § 450.109 flight o After the maximum number of
hazard analysis, flight safety analysis, work shift days allowed?
§ 450.185 ground hazard analysis, or other • Do the rules include a description of
safety analyses. the approval process for any


deviation from the rest requirements?
13.4 § 450.153 Radio Radio frequency (RF) management is a • Is there a means of compliance Phase 1: 


frequency prescribed hazard control that ensures that (MOC) specified? MOC 
management. the applicant has a plan to ensure 


RF interference does not adversely affect 
public safety and that the operator 
appropriately communicates frequency usage 
to key impacted stakeholders of the 
spectrum. If launching from an accepted 
Federal range the applicant will meet the 
§ 450.153(a)(2) requirement by following


• If operating from a Federal range,
where the range has been accepted
per § 450.45(b) for RF management,
the agreement with the site, per
§ 450.147, specifying responsibility
should be specified as the MOC for
§ 450.153(a)(2).


Phase 3: 
145(b)(2) 


current range process. • If utilizing § 417.111(f) as an MOC,


Note: Safety-critical systems of flight 
systems are primarily identified via 
§ 450.107 functional hazard analysis.
Additional “safety-critical system”


is there a description of how the RFs
will be coordinated with site
operator(s) and/or government
authorities, per § 450.145(b)(2)?


designations may be determined via • If utilizing another MOC:
§ 450.109 flight hazard analysis, flight safety o Is there a description of the


procedures to ensure RF
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


analysis, § 450.185 ground hazard analysis, interference does not affect 
or other system safety analyses. performance of safety-critical 


systems? 
o Does the description include a


discussion of each flight safety
system and safety-critical system?


o Is there a description of how the
RFs will be coordinated with site
operator(s) and/or government
authorities, per § 450.145(b)(2)?


13.5 § 450.155 
Readiness. 


An operator must conduct a readiness 
review(s) for flight, including a 
determination to proceed. During pre-
application consultation the applicant will be 
asked to discuss its procedures and processes 
that will be used to assess readiness to 
proceed with the flight of a launch or reentry 
vehicle. The applicant will be informed that 
FAA may request and review documentation 
or observe activities while on site to verify 
compliance. 
Note: Safety-critical systems are identified 
via § 450.107 functional hazard analysis. 
Additional “safety-critical” designations may 
be determined via association with 
safety-critical systems, § 450.109 flight 
hazard analysis, flight safety analysis, 
§ 450.185 ground hazard analysis, or other
safety analyses.


§ 450.155(b)(1) Procedures
• Is there a description of procedures


used to assess readiness to proceed
with flight?


• Does the description of procedures
include the readiness of:
o The vehicle?
o Each launch, reentry, and landing


site(s)?
o Contingency abort sites, if any?
o Safety-critical personnel?
o Safety-critical systems?
o Safety-critical software?
o Safety-critical procedures?
o Safety-critical equipment?
o Safety-critical property?
o Safety-critical services?


• Does the description include
readiness to implement the mishap
plan?


Phase 1: 
Preliminary 
submission 


Phase 3: 
Final 
submission 
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


§ 450.155(b)(2) Criteria
• Is there a description of the criteria


for establishing readiness?
• Are there readiness criteria for:


o The vehicle?
o Each launch, reentry, and landing


site(s)?
o Contingency abort sites, if any?
o Safety-critical personnel?
o Safety-critical systems?
o Safety-critical software?
o Safety-critical procedures?
o Safety-critical equipment?
o Safety-critical property?
o Safety-critical services?


13.6 § 450.161 
Control of hazard 
areas. 


In accordance with § 450.161, the launch or 
reentry operator must perform surveillance 
sufficient to verify or update the 
assumptions, input data, and results of the 
flight safety analyses. Flight hazard areas are 
defined in accordance with § 450.133 and 
§ 450.139(b)(3). An operator must publicize
warnings for each flight hazard area, except
for regions of land, sea, or air under the
control of the vehicle operator, site operator,
or other controlling authority with which the
operator has an agreement. During pre-
application consultation, the applicant is
encouraged to discuss and describe its plan
for the control of hazard areas, including
publication and verification.


§ 450.161(a) Control and Surveillance
• Is there a description of how day-


of-flight control of hazard areas will
be performed for:
o Land?
o Water?
o Airspace?


• Is there a description of how day-of-
flight surveillance of hazard areas
will be performed for:
o Land?
o Water?
o Airspace?


• Is there a description of the process
to verify that the control and hazard


Phase 1: 
Preliminary 
submission 


Phase 2: 
Final 
submission 
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


An example of means of compliance for plans are consistent with the flight 
§ 450.161 can be found in AC 450.161-1, commit criteria? 
“Surveillance and Publication of Hazard § 450.161(b) Warnings
Areas”. • Is there a description of how hazard


areas will be publicized for:
o Land?
o Water?
o Airspace?


§ 450.161(c) Toxics
• Is there a description of how flight


commit criteria will be established
due to the potential for toxic
hazards? (or a statement that there
are no toxic hazards).


13.7 § 450.163 This regulation allows two options: • If the flight commit criteria are being Phase 1: 
Lightning 1. Mitigating the potential for lightning used as mitigation: Preliminary 
hazard strikes or initiation o Is an accepted means of submission 
mitigation. 2. Design of the vehicle to protect safety-


critical systems from the effects of lightning.
The first option requires per § 450.35(a) an 
accepted means of compliance prior to 
application acceptance. The second option 
would include documentation of the methods 
and standards applied to the design. 


compliance for determining flight
commit criteria based on lighting
specified?


o Are representative flight commit
criteria regarding lightning
provided?


• If lighting protection is used:


Phase 3: 
Final 
submission 


Note: Safety-critical systems are identified 
via § 450.107 functional hazard analysis. 


o Is there documentation of the
methods to protect all safety-
critical systems?


o Does the documentation include a
discussion of:
 Direct lighting strikes?
 Nearby discharge?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


13.8 § 450.165 Flight 
commit criteria. 


Flight commit criteria are essential for 
ensuring that the assumptions underlying the 
safety analyses are valid. Flight commit 
criteria are dependent on some products of 
the analysis process, and thus specific 
criteria may change for different operations 
during a license. However, each vehicle 
should have a template for flight commit 
criteria and a process for updating specific 
values. Clarity of flight commit criteria is 
also critical so there is no ambiguity in the 
decision process. § 450.165(a) lists seven 
specific topics that must be considered for 
inclusion in the criteria. 
There are two options for submission: 
1. Template + example: a template of flight
commit criteria covering all the topics in
§ 450.165(a) which are relevant. The
template should have placeholders for values
determined for each operation and a specific
reference to the source of each value. The
material should also include an associated
example with values assigned to
placeholders.
2. A complete static list of flight commit
criteria which may not be changed without a
license modification, covering all the topics
in the § 450.165(a) that are relevant.
Note: Safety-critical systems of flight 
systems are primarily identified via 


• Is there a list of flight commit
criteria, or a template list?


• Do the criteria include the following:
o Surveillance of any region of


land, sea, or air?
o Monitoring of any meteorological


condition?
o Launch or reentry window for the


purpose of collision avoidance?
o Confirmation that any safety-


critical system is ready for flight?
o Confirmation from the FAA


regarding risk to critical assets?
o For any reentry vehicle, status of


safety-critical systems?
o Any other hazard controls (or a


statement that there are none)?
• If a template is submitted:
o Is there a specific reference to the


source of the value for each
placeholder in the template?


o Is there an example complete list
as would be used for an operation?


Phase 1: 
Preliminary 
submission 


Phase 3: 
Final 
submission 
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


§ 450.107 functional hazard analysis.
Additional “safety-critical system”
designations may be determined via
§ 450.109 flight hazard analysis, flight safety
analysis, § 450.185 ground hazard analysis,
or other system safety analyses.


13.9 § 450.167 The system used to track the vehicle is • Is there a description of a method Phase 2 
Tracking. required to provide data to determine the 


actual impact locations of all stages and 
components, and to obtain vehicle 
performance data for comparison with the 


used for tracking?
• Does the method discuss measuring


and recording in real-time?


pre-flight performance predictions. The FAA 
intended the requirements to capture current 
practice. During pre-application consultation 
the applicant will discuss and describe the 
method or system used to meet the tracking 
requirements. Means of compliance for 
§ 450.167 are AC 450.167-1 and
RCC 324-11.


• Does the method discuss recording
position and velocity with respect to
time?


• Is there a description of systems
used for tracking?


13.10 § 450.171 To address Safety at the End of Launch the • Is there a description of how safety Phase 2 
Safety at end of FAA imposed § 450.171 to provide at the end of launch will be ensured?
launch. requirements for the prevention of creating 


orbital debris, with which an applicant would 
be required to demonstrate compliance in its 
application. During pre-application 
consultation the applicant will discuss and 
describe its plans to demonstrate compliance 
to mitigate orbital debris generated from 
vehicle stages or components that reach earth 
orbit. 


• Does the description include a
discussion of the prevention of
unplanned physical contact between:
o The vehicle and any of its


components?
o The vehicle and the payload?


• Is there a list of potential residual
energy sources?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


A means of compliance for § 450.171 is the 
Inter-Agency Space Debris Coordination 
Committee IADC-02-01: IADC Space 
Debris Mitigation Guidelines or the U.S. 
Government Orbital Debris Mitigation 
Standard Practices 


• Is there a discussion of the process
for:
o Depleting residual fuel?
o Leaving all fuel line valves open?
o Venting each pressurized system?
o Discharging all batteries?
o Removing other sources of energy,


if any?


13.11 § 450.173 In accordance with 14 CFR § 450.173(h), an • Is there a mishap plan or other Phase 3 
Mishap plan‒ applicant must submit a mishap plan, or written documentation of the
reporting, other written means, containing processes response to a mishap?
response, and and procedures for reporting, responding to, • Does the documentation include a
investigation and investigating a mishap in accordance description of:
requirements. with § 450.173(b) through (g). During pre- o Responsibilities of personnel?


application, FAA will work with an applicant o Personnel reporting
to ensure the processes and procedures responsibilities?
outlined in an applicant’s mishap plan o Allocation of
contain sufficient detail to allow for FAA roles/responsibilities between the
evaluation and approval, and for the site operator and launch operator?
applicant to implement the plan in the event o Reporting timelines?
of a mishap. This consultation will include o Special reporting for fatalities or
guidance and lessons learned based on serious injuries?
previous mishaps. To aid the applicant in o The contents of the preliminary
developing their mishap plan, the FAA mishap report?
published AC 450.173-1 Mishap Plan – o Evacuation plans?
Reporting, Response, and Investigation o Fire extinguishing plans?
Requirements. o Hazard area surveillance?
To facilitate review of a mishap plan, o Securing impact areas?
applicants should identify whether the o Disposal of hazardous materials?
mishap plan is applicable to a single launch o Controlling hazards at the site?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


vehicle type, configuration, location, or o Controlling hazards at the impact
applicable to multiple vehicles and locations. areas?
Note: For plans applicable to multiple 
vehicles or locations, the FAA may require 
additional information to verify the 
satisfaction of applicable requirements for all 
vehicle types and locations. 


o Preserving data?
o Preserving physical evidence?
o Agreements with government


authorities regarding mishaps?
o Agreements with emergency


response services regarding
mishaps?


• Is there a documentation of mishap
investigation process?


• Does the process discuss:
o Investigation of root causes?
o Reporting results to the FAA?
o Implementation of measures to


avoid recurrence?
• Is there a discussion of records


preservation methods?
• Is there a discussion of records


retention conditions?
• Is there a discussion of records


access to FAA officials?
13.12 § 450.175 This section applies to license applicants or • Is there a document containing: Prior to 


Test-induced operators seeking an optional test-induced o Test objectives? planned test 
damage. damage exception under 14 CFR § 450.175. o Test limits? activity 


This regulation only applies if there is a test o Expected outcomes?
event that caused damage and the operator o Potential risks, including the
wishes to apply for an exception. This is applicant's best understanding of
more common as a license modification than the uncertainties in environments,
during the initial license phase. test limits, or system
The FAA will consider test failures and performance?
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12/18/2023 
AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


damage covered by this section, including 
damage to ground support equipment, 
ground support systems, and flight hardware, 
as test-induced damage and not a mishap, so 
long as the failure falls within the pre-
coordinated scope and FAA-approved testing 
profile. Any mishap resulting in a serious 
injury or fatality, damage to property not 
associated with the licensed activity, or 
hazardous debris leaving the pre-defined 
hazard area, will be treated as a mishap and 
not test-induced damage, and will be subject 
to the reporting, response, and investigation 
requirements of 14 CFR § 450.173. 
A license applicant or operator must 
coordinate potential test-induced damage 
exception with the FAA before the planned 
activity, and with sufficient time for the FAA 
to evaluate the operator's proposal during the 
application process or as a license 
modification. 


o Applicable procedures?
o Expected time and duration of the


test?


13.13 § 450.177 
Unique safety 
policies, 
requirements, 
and practices. 


The FAA expects that advances in 
technology and implementation of 
innovations by launch and reentry operators 
will likely introduce new and unforeseen 
public safety considerations. 
In this case, the FAA must work with 
operators on a case-by-case basis to identify 
and mitigate any unique hazards posed to 


• Are unique hazards identified, or
specified as none?


• If unique hazards are identified:
o Have safety policy, requirements,


or practices been included in the
application?


o Is there documentation of
demonstration that public health
and safety is protected with
respect to each hazard?


Phase 1 
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


public health and safety, which are not 
addressed by part 450. 
The FAA expects the need for the use of this 
provision to be rare due to the 
comprehensiveness and performance-based 
nature of part 450. 
However, during pre-application consultation 
the FAA will inquire and afford the applicant 
the opportunity to discuss and identify any 
unique safety policies, requirements, and 
practices pertaining to its operations. 


o Is there documentation of
demonstration of compliance with
each policy, requirement, or
practice developed in response to
this hazard?
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12/18/2023 AC 413.13-1 


14 GROUND SAFETY 


14.1.1 Ground Safety consists of sections §§ 450.179 through 450.189. Section 450.179 
provides general requirements for demonstrating compliance to ground safety 
requirements discussed in §§ 450.181 through 450.189. Section 450.179(a) requires an 
operator at a U.S. launch or reentry site to protect the public and property from adverse 
effects of hazardous operations and systems during licensed ground activities. 
Section 450.179(b) does not require an operator to comply with ground safety 
requirements discussed in §§ 450.181 through 450.189 if: 
1. The launch or reentry is being conducted from a Federal launch or reentry site;
2. The operator has a written agreement with the Federal launch or reentry site for the


provision of ground safety services and oversight; and
3. The Administrator has determined that the Federal launch or reentry site’s ground


safety processes, requirements, and oversight are not inconsistent with the
Secretary’s statutory authority over commercial space activities.


14.1.2 In the case of § 450.179(b)(3), the FAA has published: (1) the “Ground Safety Policy, 
dated 3 Nov 2020”, which discusses FAA rationale for acceptance of ground safety 
processes, requirements, and oversight at Cape Canaveral Air Force Station, 
Vandenberg Air Force Base, Wallops Flight Facility, and Kennedy Space Center, and 
(2) FAA-DAF-SLR-2021.01, which documents a Memorandum of Agreement for
launch and reentry activity at Department of the Air Force Ranges and Installations.


14.1.3 If required by § 450.179(a), an operator will need to document and demonstrate 
compliance with §§ 450.181 through 450.189 by coordination with a site operator 
(450.181), an explosive site plan (450.183), ground hazard analysis (450.185), toxic 
hazard mitigations for ground operations (450.187), and ground safety prescribed 
hazard controls (450.189). 
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


14.2 § 450.179 Ground 
safety – general. 


At a U.S. launch or reentry site, the 
public and property must be 
protected from adverse effects of 
licensed ground operations via 
either: (1) demonstrated compliance 
to the requirements of §§ 450.181 
through 450.189, or (2) § 450.179(b) 
exception. 


• If an applicant proposes to use § 450.179(b)
exception, the FAA requests a copy of the
written agreement in accordance with
§ 450.147(d)(2).


• Is there a description and copy of the written
agreement with the Federal launch or reentry
site for the provision of ground safety services
and oversight in section § 450.147?


Phase 1 


14.3 § 450.181 
Coordination with 
a site operator. 


Site coordination requirements for a 
launch or reentry conducted from or 
to a Federal launch or reentry site or 
a site licensed under part 420 or 433 
of this chapter. 
This section applies when the launch 
or reentry operator is NOT the site 
operator. It is possible that multiple 
sites could be involved, such as a 
launch from one site and landing at 
another. 


• Is there a description of coordination with
each site?


• Does the description include the following
topics:
o Control of public access?
o Coordination with other site users?
o Designation of ground hazard areas?
o Mishap response affecting the public?


• For non-Federal sites, is there a description of
ground mishap response coordination?


• Does the description include roles and
responsibilities?


Phase 1 


14.4 § 450.183 
Explosive site 
plan. 


Explosive siting requirements for a 
launch or reentry conducted from or 
to a site exclusive to its own use. 


• Is there an explosive site plan and supporting
data, addressing:
o Separation distance requirements for


handling division 1.1 and 1.3 explosives.
o Separation distance requirements for


storage of hydrogen peroxide, hydrazine,
and liquid hydrogen and any incompatible
energetic liquids stored within an intraline
distance.
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Separation distance requirements for
handling incompatible energetic liquids
that are co-located.


o Separation distance requirements for
co-location of division 1.1 and 1.3
explosives with liquid propellants?


o Separation distance measurement
requirements?


14.5 § 450.185 A ground hazard analysis identifies • Is there a description of the ground hazard Phase 1; 
Ground hazard key integrated system design and analysis methodology for the lifecycle? Phase 2-3 
analysis operation data, documents the • Does the ground hazard analysis identify for 


overall ground safety risk to the hazards, including system and operation completion 
public, and determines the necessary hazards? of 
hazard controls (mitigations) to • For each hazard, is there identification of: § 450.185(e)
ensure the residual risk meets o Likelihood? validation
acceptable criteria. o Severity? effort


o Is there definition of what constitutes
The ground hazard analysis should “extremely remote” and “remote” 
be performed early in system likelihood? 
development and operation • For every hazard with a severity of “death or
conceptualization to define the serious injury”, is the mitigated likelihood
ground safety risk to the public in “extremely remote”?
order to positively influence design • For every hazard with a severity of “major
and operation decisions. damage to property not associated with the


launch or reentry”, is the mitigated likelihood
AC 450.103-1, System Safety “remote”?
Program, provides guidance on 
severity categories and likelihood 
levels in Table 3 and Table 4 of 
Appendix A, including acceptable 


• Are risk elimination and mitigation measures
identified and described?


• Are verification methods for risk elimination
and mitigation measures identified and
described?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


criteria for “remote,” and “extremely 
remote.” 


• Is there documentation of verification and
validation achieving the risk level above?


• Is traceability demonstrated in the ground
hazard analysis data:
o For each hazard is there at least one


failure?
o For each hazard, is there as least one


mitigation?
o For each failure, is there at least one


cause?
o For each cause, is there at least one


mitigation?
o For each mitigation, is there at least one


verification?
• For each mitigation, is there a risk


assessment?
14.6 § 450.187 Toxic 


hazards mitigation 
for ground 
operations. 


Prior to application acceptance, a 
means of compliance for § 450.187 
must be accepted. 


Hazards associated with toxics 
utilized during licensed ground 
operations must be properly 
managed and compliance 
demonstrated with criteria in 
§ 450.185(c).


§ 450.187(e)(1)
• Does the methodology reference an


accepted means of compliance for toxic
risk analysis?


§ 450.187(f)(1)
• Is a reference list of toxic substances


identified?
• Are possible toxic release sources


identified from:
o Propellants?
o Chemicals?
o Combustion products?
o Derivatives?
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12/18/2023 AC 413.13-1 


Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


§ 450.187(f)(2)
• Is there a list of toxic concentration and


duration thresholds?
§ 450.187(f)(3)


• Are meteorological conditions provided?
§ 450.187(f)(4)


• Is a characterization of terrain provided?
§ 450.187(f)(5)


• Is the toxic dispersion modeled
identified?


• Is other input data to the toxic model
provided?


§ 450.187(f)(6)
• Are representative results of the toxic


analysis provided?
• Do the results include toxic


concentrations and durations?
§ 450.187(f)(7)


• Are failure modes and probabilities of
toxic scenarios provided?


• Are representative results of a worst-case
toxic release provided?


§ 450.187(f)(8)
• Is the use of a containment or risk


assessment approach specified?
• If a containment approach is used:
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Section Narrative Objective Criteria to Determine if the 
Application is Complete 


Timeframe 


o Is there a description of evacuation
plans?


o Is there a description of meteorological
constraints and associated ground
hazard controls?


• If a risk assessment approach is used:
o Is there a demonstration of compliance


with safety criteria?
o Is population data provided?
o Is there a description of risk


mitigations?
14.7 § 450.189 Ground 


safety prescribed 
hazard controls. 


Prescribed hazard controls ensure 
adequate mitigation for unique 
ground safety items associated with 
protecting public and property. 


• Are processes and methods documented for
protecting members of the public who enter
any area under the control of a launch or
reentry operator?


• Are there procedures for identifying and
tracking the public while on the site?


• Are mitigations implemented identified by
the ground hazard analysis and toxic hazard
analysis?
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Principal Changes 


Revision B updates AC 450.101-1A, High Consequence Event Protection, dated 
May 20, 2021. This AC change deletes paragraph 13.3 and 13.5 and reassigns 
paragraph 13.4 as paragraph 13.3. 
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1 PURPOSE. 


1.1 This Advisory Circular (AC) describes a method to demonstrate compliance with the 
high consequence event protection requirements of title 14 of the Code of Federal 
Regulations (14 CFR) § 450.101(c) and the requirements to evaluate the potential for 
high consequence events in uncontrolled areas in accordance with §§ 450.108(b) and 
450.108(c)(4). This AC provides an acceptable means to demonstrate compliance with 
§ 450.101(c)(2) and § 450.101(c)(3) and provides an acceptable means of compliance 
with conditional expected casualties requirements in § 450.108. This AC also provides 
guidance for an operator that chooses to propose an alternative method that produces an 
equivalent level of safety to the requirements in § 450.101(c)(2). 


1.2 An operator may initiate the flight of a launch vehicle only if all risks to the public 
satisfy the criteria of § 450.101(a). The collective risk, measured as expected number of 
casualties (EC), consists of risk posed by impacting inert debris, explosive debris, toxic 
release, and far field blast overpressure. Individual risk, measured as probability of 
casualty (PC), also consists of risk posed by impacting inert debris, explosive debris, 
toxic release, and far field blast overpressure. Public risk due to any other hazard 
associated with the proposed flight of a launch vehicle is determined by the FAA 
Administrator on a case-by-case basis. 


1.3 Section 450.101(c) requires an operator to protect against a high consequence event in 
uncontrolled areas for each phase of flight by using flight abort as a hazard control 
strategy in accordance with the requirements of § 450.108; ensuring the consequence of 
any reasonably foreseeable failure mode, in any significant period of flight, is no greater 
than 1 × 10-3 conditional expected casualties; or establishing the launch or reentry 
vehicle has sufficient demonstrated reliability as agreed to by the Administrator based 
on conditional expected casualties criteria during that phase of flight. 


1.4 Throughout this document, the word “must” characterizes statements that directly flow 
from regulatory text and therefore reflect regulatory mandates. The word “should” 
describes a requirement if electing to use this means of compliance; variation from 
these requirements is possible, but it must be justified and approved as an alternative 
means of compliance. The word “may” describes variations or alternatives allowed 
within the accepted means of compliance set forth in this AC. In general, these 
alternative approaches can be used only under certain situations that do not compromise 
safety. 


1.5 Cancellation.  
This AC cancels AC 450.101-1A High Consequence Event Protection, dated 
May 20, 2021.   







05/03/2024  AC 450.101-1 
  Revision B 


3 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 
a launch or reentry vehicle operator license, a licensed operator seeking to renew or 
modify an existing vehicle operator license, and FAA commercial space transportation 
evaluators.  


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right and will not be relied upon by the FAA 
as a separate basis for affirmative enforcement action or other administrative penalty. 
Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. This AC describes acceptable means, but not the 
only means, for demonstrating compliance with the applicable regulations.  


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 


3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related Statute. 


• 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related FAA Commercial Space Transportation Regulations. 
The following regulations from title 14 of the CFR must be accounted for when 
showing compliance with § 450.101(c). The full text of these regulations can be 
downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 
ordered from the Government Printing Office, Superintendent of Documents, Attn: New 
Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 440.7, Determination of Maximum Probable Loss. 


• Section 450.108, Flight Abort. 


• Section 450.115, Flight Safety Analysis Methods. 


• Section 450.131, Probability of Failure Analysis. 


• Section 450.133, Flight Hazard Area Analysis. 


• Section 450.135, Debris Risk Analysis. 


• Section 450.137, Far-field Overpressure Blast Effects Analysis. 


• Section 450.139, Toxic Hazards for Flight. 


• Section 450.161, Control of Hazard Areas. 



http://www.ecfr.gov/
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• Section 450.165, Flight Commit Criteria. 


• Section 450.213, Pre-flight Reporting. 


3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars (are or will be available through the FAA website, 
http://www.faa.gov). 


• AC 450.107-1, Hazard Control Strategies Determination, dated July 27, 2021. 


• AC 450.108-1, Flight Abort Rule Development, dated July 27, 2021. 


• AC 450.115-1A, High Fidelity Flight Safety Analysis, dated June 24, 2021. 


• AC 450.117-1, Trajectory Analysis for Normal Flight, dated August 19, 2021. 


• AC 450.123-1, Population Exposure Analysis, dated October 12, 2022. 


• AC 450.131-1, Probability of Failure, when published. 


• AC 450.137-1, De Minimus Distance Focusing Overpressure Risk Analysis, when 
published. 


• AC 450.137-2, Distance Focusing Overpressure Risk Analysis, when published. 


• AC 23-1309-1E, System Safety Analysis and Assessment for Part 23 Airplanes, 
dated November 17, 2011. 


• AC 25-1309-1A, System Design and Analysis, dated June 21, 1988. 


3.4 Documents Related to High Consequence Event Protection. 
1. Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, 


Safety Design for Space Operations, Sponsored by The International Association for 
the Advancement of Space Safety, Elsevier, Watham, MA, 2013. 


2. Collins, J.D., C.P. Brinkman, and S.L. Carbon, Determination of Maximum 
Probable Loss, ACTA Inc. and Federal Aviation Administration, (2007). 


3. Risk Committee, Range Safety Group, Range Commanders Council, Common Risk 
Criteria for National Test Ranges, RCC 321-20, White Sands, NM, May 2020. 


4. Federal Register, Vol. 67, No. 146, July 30, 2002, page 49465. 
  



http://www.faa.gov/





05/03/2024  AC 450.101-1 
  Revision B 


5 


4 DEFINITION OF TERMS. 
For this AC, the terms and definitions from § 401.7, and this list, apply: 


4.1 Failure Mode 
A failure mode is a category of potentially hazardous events that share significant 
similarity in system response, prior to consideration of mitigations or hazard control 
strategies. 


4.2 Maximum Conditional Expected Casualty (CEC) 
The highest CEC value calculated for a particular phase of flight considering all 
reasonably foreseeable failure modes. 


4.3 Multiple Casualty Event 
An incident that has significant likelihood of seriously injuring more than one person. 


4.4 Phase of Flight 
A period of flight between two milestones in the vehicle flight sequence, which is not 
necessarily a set period of time. 


4.5 Statistically Valid 
A “statistically valid” analysis is the result of a sound application of mathematics and 
accounts for the uncertainty in any statistical inference due to sample size limits, the 
degree of applicability of data to a particular system, and the degree of homogeneity of 
the data. The specific approach to establish statistical validity depends on the context of 
the particular analysis, as described in this AC and others. 


5 HIGH CONSEQUENCE EVENT PROTECTION OVERVIEW. 
In accordance with § 450.101(c), an operator may use any of the three following 
methods to demonstrate protection against high consequence events: 


• Using flight abort as a hazard control strategy in accordance with the requirements 
of § 450.108; 


• Ensuring the consequence of any reasonably foreseeable failure mode, in any 
significant period of flight, is no greater than 1 × 10-3 conditional expected 
casualties; or 


• Establishing the launch or reentry vehicle has sufficient demonstrated reliability as 
agreed to by the Administrator based on the conditional expected casualties criteria 
during that phase of flight. 


• High consequence events include incidents that could involve multiple casualties, 
massive toxic exposures, extensive property or environmental damage, or events 
that jeopardize the national security or foreign policy interests of the United States. 
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6 HIGH CONSEQUENCE EVENT PROTECTION SCOPE. 
When evaluating the potential for high consequence events, the applicant should 
identify the phases of flight, the potential for high consequence events, and evaluate the 
potential for high consequence events in uncontrolled areas. 


6.1 Phases of Flight. 
A phase of flight refers to a period of flight between two milestones in the vehicle flight 
sequence, which is not necessarily a set period of time, where the probability of failure 
distribution for each reasonably foreseeable failure mode is homogenous.1 For example, 
a stage may burn for a longer or shorter period of time depending on the performance of 
the rocket motor. This can be for selected periods of flight during launch and reentry 
that an operator will identify and analyze in a consistent manner using quantifiable 
measurements or observable records. In defining “phases of flight,” the operator should: 


• Ensure that the combination of all phases of flight covers the full duration of the 
flight within the scope defined in § 450.113(a). 


• Define new phases of flight to identify the transition where the operator plans to 
use different strategies for protecting against high consequence events for 
different portions of flight. 


• Not include more than one key flight safety event in each phase of flight. Key 
flight safety events are those flight activities that have an increased risk compared 
with other portions of flight. An operator’s flight safety analysis method must 
account for all reasonably foreseeable events and failures of safety-critical 
systems during nominal and non-nominal launch or reentry that could jeopardize 
public safety, in accordance with § 450.115(a). Additional guidance is provided in 
AC 450.115-1, High Fidelity Flight Safety Analysis. Key flight safety events 
should also include, at a minimum: 
1. Ignition of any primary rocket engine or any change in the source of 


propulsion; 
2. Any staging event or change to the outer mold line; 
3. Any hardware configuration of the vehicle being altered from the previous 


time periods by jettisoning hardware, such as fairings or stages; 
4. Any change to the control system (e.g., reaction control system vs. aero 


surfaces such as fins, or the guidance algorithm); 
5. A significant change in dynamic pressure or aerodynamic heating to which the 


launch or reentry system is subjected; and 
6. A significant change in the environment for any safety critical system. 


  


 
1 Here, a failure probability distribution is considered homogeneous if there are no discontinuities and the failure 
probability distribution is defined by a single mathematical function (e.g., a linear, exponential, or uniform 
distribution). In accordance with § 450.131(e), a probability of failure analysis must use a constant conditional 
failure rate for each phase of flight, unless there is clear and convincing evidence of a different conditional failure 
rate for a particular vehicle, stage, or phase of flight. 
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• The minimum length of a flight phase should be sufficient to allow for 
implementation of a risk mitigation, including adequate time buffers to account 
for uncertainty. Moreover, and similar to § 450.131(a), an operator should apply 
flight phase definitions consistently throughout a flight and base these definitions 
on physically observable phenomena. 


6.2 Potential for High Consequence Events. 
Section 450.101(c) requires that an operator must protect against a high consequence 
event in uncontrolled areas for each phase of flight. 


6.3 Uncontrolled Areas. 
The applicant is only required to evaluate the potential for high consequence events in 
uncontrolled areas, in accordance with §§ 450.101(c), 450.108(b)(1) and (2), and 
450.108(c)(4). In accordance with the definition in § 401.7, an uncontrolled area is an 
area not controlled by a launch or reentry operator, a launch or reentry site operator, an 
adjacent site operator, or other entity by agreement. Typically, uncontrolled areas 
include all regions outside of the launch or reentry operators’ property, and outside of 
the site operator’s property. Adjacent operators’ property and other real estate may be 
excluded when there is a formal agreement between the launch or reentry operator and 
the owner of such real estate. An operator could satisfy the requirement to evaluate the 
potential for high consequence events in uncontrolled areas by evaluating the potential 
for high consequence events in all areas of land where there is no ability to prevent 
unauthorized access or otherwise by ensuring that no unauthorized persons are present 
during a launch or reentry operation. 


6.4 Controlled Areas. 
An area may be considered controlled only if there is an ability: (1) to prevent 
unauthorized access or otherwise ensure that no unauthorized persons are present, and 
(2) to manage the location of any persons that are present during a launch or reentry 
operation. For any areas considered to be controlled for a launch or reentry operation, 
the licensee should coordinate any high consequence protection measures with the 
controlling authority.  
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7 USING FLIGHT ABORT AS A HAZARD CONTROL STRATEGY. 


7.1 Flight abort is intended to prevent adverse consequences in the case of a failure, which, 
in turn, mitigates the potential for a high consequence event. Design of flight abort 
criteria must address the potential for a flight abort adversely impacting public safety by 
triggering hazardous debris impacts in accordance with § 450.108(f)(2). Due to the 
potential consequences of initiating flight abort, the FAA has adopted regulations 
specific to its use which are codified in § 450.108. Section 450.108 applies to the use of 
flight abort as a hazard control strategy for the flight. In summary, it requires that an 
operator must use a flight safety system that meets the standards of § 450.145 
or § 450.143 and meets the flight safety requirements in § 450.108. 


7.2 Section 450.101(c)(1) provides that an applicant may use flight abort as a hazard control 
strategy in accordance with the requirements of § 450.108 to protect against a high 
consequence event in uncontrolled areas for a phase of flight. Guidance for meeting the 
requirements of § 450.108 is available in AC 450.108-1, Flight Abort Rule 
Development. If an applicant uses flight abort in accordance with § 450.108, it meets 
the requirements of § 450.101(c)(1). The flight safety limits objectives in § 450.101(c) 
can be met without computing CEC if, in accordance with § 450.108(c)(6), the operator 
uses flight safety limits that prevent debris capable of causing a casualty due to any 
hazard from affecting uncontrolled areas using a flight safety system that complies with 
§ 450.145. 
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8 USING CONDITIONAL EXPECTED CASUALTY. 


8.1 Risk Analysis. 
When the risk from high consequence events must be demonstrated to comply with 
§§ 450.101(c)(2), 450.108(b), or 450.108(c)(4), the risk must be quantified in terms of 
conditional expected casualties (CEC). CEC is one way to measure the risk of a multiple 
casualty events, one class of high consequence events. This metric is calculated as part 
of the debris risk analyses in accordance with: 


• Section 450.135(b), as described in AC 450.115-1, High Fidelity Flight Safety 
Analysis, 


• The toxic risk analyses in accordance with § 450.139(f)(8)(ii)(1), as described in 
AC 450.139-1, Toxic Release Hazards Analysis, and 


• The far-field overpressure risk analysis in accordance with § 450.137(c), as 
described in AC 450.137-1, Distance Focusing Overpressure Risk Analysis. 


8.1.1 Specifically, an operator must manage the risk of casualties that could arise from the 
exposure to toxic release by performing a toxic risk assessment in accordance with 
§ 450.139(e), or managing the risk of any casualty from the exposure to a toxic release 
through containment in accordance with § 450.139(d). 


8.1.2 The type of consequence that is the focus of the requirement is that of serious injury or 
worse, (i.e., a casualty), for any member of the public located in an uncontrolled area. In 
2002, the FAA found that the use of abbreviated injury scale (AIS) Level 3 or greater is 
appropriate for describing a medical condition sufficiently to allow modeling of 
casualties for purposes of determining whether a launch satisfies the public risk criteria, 
as stated in reference number [4] of paragraph 3.4 of this AC. 


8.1.3 The injuries do not have to occur as a direct result of the impact, but could be from 
secondary effects of the impact such as subsequent ground fires or nearby facility liquid 
tank explosions as accounted for in accordance with § 450.135(b)(3), which requires 
that the debris risk analysis account for any impact or effects of hazardous debris. 
AC 450.115-1, High Fidelity Flight Safety Analysis provides guidance on computing 
valid casualty areas that account for the effects of hazardous debris. 


8.2 Determining “Reasonably Foreseeable” Failure Modes. 
An operator is not required to evaluate CEC for all conceivable failure modes, but only 
those that are reasonably foreseeable in accordance with §§ 450.101(c)(2), 
450.108(b)(1) and (2), and 450.108(c)(4). 


  







05/03/2024  AC 450.101-1 
  Revision B 


10 


8.2.1 Failure Modes. 
As part of § 450.115(a), the operator’s flight safety analysis, which includes the CEC 
analysis, must account for all reasonably foreseeable events and failures of 
safety-critical systems during nominal and non-nominal launch or reentry that could 
jeopardize public safety. Thus, one means of complying with §§ 450.101(c)(2), 
450.108(b)(1) and (2), and 450.108(c)(4) is to include all reasonably foreseeable events, 
and the failures of safety-critical systems during nominal and non-nominal launch or 
reentry, as part of the CEC analysis of reasonably foreseeable failure modes. Failure 
modes are categories of hazardous events that share significant similarity in cause and 
system response, prior to consideration of mitigations or hazard control strategies. 


8.2.2 Identification of Reasonably Foreseeable Events. 
“Reasonably foreseeable hazardous events” are events identifiable through the system 
safety process, including events that have occurred in the past for similar vehicles.2 The 
term “reasonably foreseeable” is not associated with a probability threshold. Rather, an 
event is “reasonably foreseeable” if it is identifiable by a methodical assessment of the 
entire system. In other words, “brainstorming” is not a sufficient approach, because 
“brainstorming” is not a methodical assessment of the entire system. Per § 450.107(b), a 
functional hazard analysis is required. The functional hazard analysis is primarily used 
to identify and classify the overall system functions and consequences of functional 
failure or malfunction. The objective is to identify all potential system, subsystem, and 
component functional failures that could impact public safety which, in turn, would 
identify all reasonably foreseeable hazardous events. It is important to note that the 
identification of potential system safety hazards and respective functional sources 
(i.e., subsystem functional failures) should not consider any foreseeable mitigation or 
predetermined hazard control strategy. 


8.3 Known Failure Modes. 
For this means of compliance, a CEC analysis should, at a minimum, account for any 
applicable failures, as defined in § 450.131(b), in previous launch and reentry history, 
and should include any other failure modes identified as part of the system safety 
program hazard management under § 450.103(b). A list of failure modes that are 
commonly evaluated in analyses is given below. Some of these modes occur over the 
entire active mission duration, while others need only be evaluated for some phases of 
flight, or for specific moments in time. Although not listed, other failure modes may 
exist or be likely for specific vehicles or situations. When relevant, these failures must 
be included as part of an operator’s flight safety analysis, in accordance with 
§ 450.115(a). In general, a flight safety analysis should account for all failure modes in 
which CEC can potentially reach threshold criteria. 


  


 
2See AC 450.131-1 for additional discussion of what constitutes a similar vehicle. 
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8.3.1 Loss of Thrust. 
The loss of thrust failure mode refers to a failure resulting from the loss of vehicle thrust 
due to a malfunction of the vehicle propulsion system that occurs while the vehicle is 
following a normal trajectory. Typical causes of loss of thrust are by a motor failure 
resulting in loss of propulsion or the control system shutting down thrust at an 
unplanned time. This commonly applies to liquid propellant motors. 


8.3.2 Attitude Control Failure. 
The attitude control failure mode results from of an inability to control orientation. This 
may occur due to thrust vector control failure (e.g., actuator failure, movable nozzle 
failure, or hydraulics failure), attitude control thruster failure, pointing error (as in a spin 
stabilized vehicle), aero-surface control failure, or attitude sensor failure. Attitude 
control failure may include an improper control model but does not include failure of 
guidance computers or navigation sensors. 


8.3.3 Guidance and/or Navigation Failure. 
The guidance or navigation failure mode refers to failure of a rocket’s guidance system, 
including failures due to guidance computer, navigation sensors, guidance software 
errors, or other sensors used for vehicle attitude guidance, but not failures due to the 
inability of the control system to act on guidance commands. 


8.3.4 On-Trajectory Explosion. 
On-trajectory failures are characterized by any size explosion of the vehicle while it is 
following a normal trajectory. This typically results from rupturing of a solid rocket 
motor casing or a liquid engine explosion. It can also occur from inadvertent activation 
of a destruct system. 


8.3.5 On-Trajectory Structural Failure. 
On-trajectory structural failures result from exposure of the hardware to excessive 
loading (loading due to thrust, aerodynamic forces, inertial loads, etc.), excessive 
vibration, etc. This may be caused by environmental factors or by design or 
manufacturing errors. This includes breakup of any portion of the structure (including 
the payload fairing) but does not include premature jettison of the payload fairing. This 
failure is intended to capture break-ups that are not pressure or combustion driven. A 
structural failure does not include structural breakup resulting from another failure or 
intentional activation of the destruct system. 


8.3.6 On-Trajectory Tank Failure. 
The tank failure mode refers to failure of the rocket’s structure that are pressurant or 
cryogenic driven that do not result in combustion as a driving source for debris 
dispersion. A tank failure does not include structural breakup resulting from another 
failure or intentional activation of the destruct system.  
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8.3.7 Failure to Perform Configuration Change. 
The failure to perform a configuration change failure mode involves failure to execute a 
planned configuration change of the launch or reentry system when the change is 
planned to occur. This includes failure to separate a stage, a solid or liquid strap-on 
stage, the payload fairing, or the payload. A configuration change also includes actions 
that substantially change the vehicle’s aerodynamics, such as deployment of a parachute 
or aero surface. This failure encompasses both delays in performing the configuration 
change and the change never occurring. 


8.3.8 Premature Configuration Change. 
The premature configuration change failure mode is the converse of the failure to 
perform a configuration change failure mode. This includes failures that lead to any of 
the configuration changes described above occurring prior to the planned conditions.  


8.3.9 Critical Performance Failure. 
Critical performance failure refers to a failure, as defined in § 450.131(b), of the 
propulsion system to provide the desired change in velocity (delta-V), typically due to 
design or manufacturing problems. This failure mode does not include failure to deliver 
the desired performance due to guidance problems. 


8.3.10 Failure to Ignite. 
The failure to ignite failure mode refers to any failure in the entire ignition process, 
including failure of the igniter, start-up failures of engines, and failure of the signal to 
reach the igniter for reasons not caused by guidance system failure. This also includes 
failure to reignite. This does not include on-pad ignition failures that lead to no motion 
of the vehicle. 


8.3.11 Failure to Shutoff. 
The failure to shutoff mode refers to any failure during an engine shutdown process that 
results in an unplanned amount of continued thrust beyond a planned point in flight. 
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8.4 Determining the Significant Period of Flight. 
Conditional Expected Casualties may be computed to account for the entire mission, for 
specific failure modes, by stage of flight, for more limited time spans, etc. 
Sections 450.101(c)(2), 450.108(b)(1) and (2), and 450.108(c)(4) state, however, that 
CEC must be computed for any “significant” period of flight. A period of flight would 
be significant if it is long enough for a mitigation, such as flight abort, to decrease the 
public risks or consequences materially from any reasonably foreseeable failure mode. 
The time needed to accomplish flight abort should account for the time delay, including 
uncertainties, between the violation of a flight abort rule and the time when the flight 
safety system is expected to activate (i.e., the time computed to satisfy § 450.108(d)(4)). 
The period should be short enough that exposed population density does not 
significantly change (e.g., less than 10%) over the time period. To ensure the potential 
for multiple casualty events is not obscured by calculations utilizing unreasonably long 
periods of flight, the applicant should use one second time intervals, or shorter, in its 
calculation of CEC unless it can be demonstrated that a longer interval for a certain 
phase of flight will adequately capture the risks from a multiple casualty event. Note 
that § 450.101(c) applies separately to each phase of flight, so each interval must not 
extend across a boundary between phases. See paragraph 6.1 of this AC for additional 
guidance on valid phases of flight. 
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9 CALCULATING CONDITIONAL EXPECTED CASUALTY. 
The applicant should specify the type of consequence measure that will be used as a 
metric for the potential for a “high consequence event.” The default measure in the 
regulations is conditional expected casualty (CEC) in uncontrolled areas, evaluated 
separately for each reasonably foreseeable failure mode, during any one second interval 
of flight. An operator can propose an alternative method for measuring high 
consequence events for the purposes of §§ 450.101(c)(2), 450.108(b)(1) and (2), and 
450.108(c)(4), in accordance with § 450.37. 


9.1 Mathematics of CEC. 


9.1.1 For the discussion that follows, casualty expectation, or “expected casualty,” is 
normally notated simply as EC, but the more formal notation is 
𝐸𝐸[𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 | 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂]. Expected casualty explicitly designates the expected value 
of the number of casualties given that the launch (or reentry) operation occurs. To 
generalize casualty to any consequence, the notation will use the letter C. To indicate 
any specific licensed operation, including launch or re-entry, the notation will use the 
shortened version “Op.” Thus 𝐸𝐸[𝐶𝐶|Op] means the expectation of a specific consequence 
(e.g., casualties) given that the operation may be initiated. To be more concise in the 
discussion, “consequence expectation” may be referred to as “risk.” 


9.1.2 Mission risk analyses tend to focus on the total mission 𝐸𝐸[𝐶𝐶|Op]. It is possible to 
compute casualty expectation for a reduced set of events. An event may, for example, 
correspond to a particular response from a specific failure mode at a specific failure 
initiation, or be a planned circumstance such as stage separation or engine ignition. A 
reduced set of events tends to be for a period of flight, or type of occurrence. To restrict 
to an individual event, the notation EC (event) is used. 


9.1.3 The notion of using a conditional EC measure rather than an EC measure is to avoid 
dependence on vehicle probability of failure. Conditional expected casualties, as the 
name implies, are conditional on some event occurring. So, the EC is divided out by the 
failure probability, hence producing such a conditional value. The casualty expectation 
conditional on a given event, E[C|Event], is related to the casualty expectation, 
EC(event), and the probability, P(event), of the event as: 


E[C|Event] =
EC(event)
P(event)


 


9.1.4 To satisfy § 450.101(c)(2), in order to compute CEC, an applicant should compute a set 
of E[C|Event] values for each foreseeable failure mode (Fm) for each significant period 
of flight. 


9.1.5 The lowest level E[C|Event] is computed for any individual simulated outcome - a 
specific scenario with no uncertainty. However, the equation above holds for any 
definition of “event,” up to and including where whole operation defined as the event. 
When combining results for events to a combined event, E[C|Event1||…||EventN] is 
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computed as the weighted average for each sub-event. The following example assumes 
two sub-events (event 1 and event 2). Therefore: 


 


E[C|Event1||Event2] =
P(event1)E[C|Event1] + P(event2)E[C|Event2]


P(event1) + P(event2)
 


 


=
EC(event1) + EC(event2)


P(event1) + P(event2)
 


This means that for the corresponding E[C|Events], EC and P account for the events in 
the filtered set. 


9.2 Computation of CEC. 


9.2.1 The process followed to compute high-fidelity E[C|Event] values is one that is referred 
to as a debris footprint flight safety risk analysis approach. The textbook, Safety Design 
for Space Operations, at reference number [1] of paragraph 3.4 of this AC, provides 
significant background on this approach. The current state-of-the-art for debris risk 
analysis is also detailed in AC 450-115-1, High Fidelity Flight Safety Analysis. 


9.2.2 For this discussion, the following notional expression for E[C|Event] is sufficient: 


E[C|Event]  = � � 𝑝𝑝𝑛𝑛𝑛𝑛
casualty𝑁𝑁𝑛𝑛


fragments𝑝𝑝𝑛𝑛𝑛𝑛
impact𝑁𝑁𝑙𝑙


people


𝑙𝑙=𝑁𝑁pops


𝑙𝑙=1


𝑛𝑛=𝑁𝑁dispersions


𝑛𝑛=1


  


9.2.3 The nature of each factor in this equation will be explained. The descriptor “notional” is 
used since this expression is a simplification, but it is adequate for the discussion that 
follows. For example, an impact in one population region may produce a hazard in 
another adjacent region, but that is ignored by this formula. For other cases, such as 
propellant explosions or toxic leaks, the impact may produce a hazard region where the 
risk varies depending on the distance from the impact location, so 𝑝𝑝𝑛𝑛𝑛𝑛


casualty is not 
constant across a population center. Further, the simplified equation does not account 
for the possibility of multiple fragments affecting the same person. A more complete 
discussion is provided in AC 115-1, High Fidelity Flight Safety Analysis. 


9.2.4 This surface pattern from each event is generally modeled as a set of impact 
distributions, where each dispersion represents one or more debris fragments. This 
results in impact dispersions that specify the probability of a fragment at given 
locations, 𝑝𝑝impact. This probability is then adjusted to account for the total number of 
fragments, 𝑁𝑁fragments represented by the dispersion. 
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9.2.5 The dispersions are used to evaluate the expected risks to ground-based population 
centers, which for CEC, only account for people in uncontrolled areas. The development 
of the appropriate population centers is discussed in AC 450.123-1, Population 
Exposure Analysis. Each is defined by its population 𝑁𝑁people, area, and sheltering 
properties. The evaluation of risk accounts for human vulnerability modeling and 
injuries that require (not necessarily immediate) hospitalization, which are identified as 
casualties. This leads to a probability of casualty for each individual, 𝑝𝑝casualty. 


9.3 Accuracy of CEC. 


9.3.1 It is important to perform CEC computations with sufficient accuracy to resolve 
confidently whether or not the criteria are exceeded. Thus, an operator should define an 
approach when performing a numerical (discretized) analysis that includes enough 
samples. Because CEC is based on shorter intervals and specific failure modes, a 
statistically valid analysis often requires more samples in some regimes than are needed 
to compute a sufficient accurate mission EC to comply with § 450.101(g). For the CEC 
evaluations in §§ 450.101(c) and 450.108, an applicant should use 75% confidence that 
a CEC is below the criteria threshold as a standard for demonstrating compliance. 
Rigorous statistical methods are not always practical for meeting this standard. This AC 
presents an acceptable means for meeting this standard, which includes alternatives at 
several points in the process. These have been determined by experience and analysis to 
provide high confidence of meeting the regulatory standards. 


9.3.2 Many factors contribute to the computed CEC. Some of the factors that are known to 
have significant effects are: (a) number of statistical simulations used for a failure mode 
for the time duration of interest (i.e., one (1) second interval), (b) accuracy and fidelity 
(size) of population centers, (c) representative sheltering models, (d) population models 
that account for time of the day variations, (e) uncertainty of break-up criteria (e.g., 
Q-Alpha threshold) for the vehicle, (f) accurate representation of wind for the time of 
flight, (g) accurate representation of fragment catalogs, etc. AC 450.115-1, High 
Fidelity Flight Safety Analysis, and AC 450.123-1, Population Exposure Assessment 
provide guidelines for factors for accurately computing an EC value for the mission. 
However, when CEC is calculated for a given failure mode for a one second time 
interval, additional details are often significant. Therefore, the applicant must 
demonstrate, in accordance with § 450.101(g) that the method used to compute CEC 
uses an accurate or conservative representation of, at a minimum, each of the factors 
known to have significant effects. 
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10 APPROACH WHEN USING DISCRETE FAILURE SIMULATIONS. 
AC 450.115-1, High Fidelity Flight Safety Analysis, describes an approach in which 
malfunction trajectories are discretely simulated. Malfunction trajectories are simulated, 
for each failure mode, at an appropriate sample rate as a function of time; and other 
parameters of the failure are Monte Carlo sampled (such as plane of a tumble turn). For 
this section, each discrete simulation is an event, with a corresponding 𝐸𝐸[𝐶𝐶|Event]). A 
Breakup State Vector (BSV) set represents the outcome(s) predicted from a single 
simulated failure trajectory. A BSV includes the time, position, and velocity vectors at 
breakup or when the hazardous debris trajectories become ballistic and the type of 
breakup event (explosion, structural failure, or impact) and the associated relative 
probability of each outcome. There is uncertainty in the outcome; this should be 
handled as uncertainties in the values and carried through the calculation. Most of these 
are points in flight when the vehicle may fail and result in partial or total destruction of 
the vehicle. They may also be surface locations where the vehicle impacts while still 
intact, i.e., an intact impact event. When using CEC to evaluate compliance with 
§§ 450.101(c) and 450.108(b), the cause of the breakup (or impact) is only the failure of 
the vehicle, not the action of the flight safety system. 


10.1 Event Sampling. 


10.1.1 Minimum Sample Size. 
For CEC evaluation, each failure mode should include at least 300 failure trajectory 
samples per interval. Additional samples may be necessary in order to demonstrate 
compliance. 


10.1.2 Numerical Resolution. 
A key issue with CEC is that impact probability distributions are continuous and 
typically are modeled as having infinite extent.3 Numerical evaluation of continuous 
distributions requires discretization and integration limits must be finite. This results in 
a practical minimum value that any particular computation reliably resolves 
𝐸𝐸[𝐶𝐶|Event]. For example, a numerical evaluation will return zero for some evaluations, 
rather than some very small value which would be mathematically correct. 


  


 
3 An infinite extent is physically unrealistic, but it is a property of most probability density functions. 
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10.1.3 Significant Samples. 
For this approach, an operator should divide the 𝐸𝐸[𝐶𝐶|Event] values computed for a set 
of events into two. One will be called the set of “tiny” values, which contains all values 
below some threshold, Ttiny. This threshold is given as the CEC threshold divided by 
100.4 However, if the integration approach in the software cannot reliably resolve to this 
threshold, then the integration parameters in the software5 should be adjusted so that it 
can be. The remainder of the 𝐸𝐸[𝐶𝐶|Event])values that are above the threshold are a set 
of significant values, which will be called “sig” values. 𝑁𝑁 is the total number of 
samples, and 𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 is the number of significant 𝐸𝐸[𝐶𝐶|Event] values. A key value is the 
ratio of these two numbers: 


𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 =
𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠
𝑁𝑁


. 


10.2 Satisfying the CEC Criterion. 
If 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 < 0.3%, then CEC criterion is considered satisfied and no further calculations 
are necessary. 


If 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 ≥ 0.3% but 𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 < 30, then more samples should be run. 


If 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 ≥ 0.3% and 𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 ≥ 30, with the division into significant and tiny samples, the 
CEC criterion can be stated as: 


�1 − 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝐿𝐿𝐿𝐿�𝑇𝑇𝑡𝑡𝑡𝑡𝑛𝑛𝑦𝑦 + 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈𝐶𝐶𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 < 𝐶𝐶𝐸𝐸𝐶𝐶,𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑜𝑜𝑜𝑜𝑜𝑜 


Where 𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is defined in 10.1.3 above, and 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝐿𝐿𝐿𝐿 and 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 are the lower and upper 
confidence bounds of 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠, as computed below. 


  


 
4 For example, if evaluating compliance with § 450.101(c)(2), where the CEC criteria is 1E-3, then the threshold 
must be less than 1E-3


100
= 1E-5. 


5 Integration parameters are typically input parameters that set the compromise between runtime and accuracy. The 
specific values of these parameters depend on the particular implementation of the risk calculation, and thus more 
detailed than is appropriate here. 
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10.2.1 Computing Statistical Values for CEC 
The method described here provides conservatism relative to meeting the 75% 
confidence standard for meeting the CEC criterion, as CEC has sometimes been found to 
be driven by a few large samples. To find the lower bound, 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝐿𝐿𝐿𝐿 the lower bound of 
the Wilson score interval with 95% confidence is used, 


𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝐿𝐿𝐿𝐿 =
𝑁𝑁


𝑁𝑁+ 3.84 �𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 +
1.92
𝑁𝑁


� −
1.96𝑁𝑁
𝑁𝑁 + 3.84


�𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�1−𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�
𝑁𝑁 +


0.96
𝑁𝑁2 ,       0 ≤ 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝐿𝐿𝐿𝐿 ≤ 1 


and 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 is calculated based on the normal approximation interval, also with 95% 
confidence, as 


𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 = 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 + 1.96�
𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�1−𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠�


𝑁𝑁 , 0 ≤ 𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 ≤ 1 


The upper confidence bound for the significant set of CEC values is calculated as 


𝐶𝐶𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠,𝑈𝑈𝑈𝑈 = 𝐶𝐶𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠,𝜇𝜇 + 𝑡𝑡𝛼𝛼 2⁄
𝐶𝐶𝐶𝐶𝐶𝐶,𝑠𝑠𝑠𝑠𝑠𝑠,𝜎𝜎


�𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠
 


where 𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠,𝜇𝜇 and 𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑔𝑔,𝜎𝜎  are the sample mean and sample standard deviation of the 
significant CEC set, and 𝑡𝑡𝛼𝛼 2⁄  is the quantile of the Student’s t-distribution with degrees 
of freedom of 𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠 − 1 and two-sided 95% confidence level.6 


10.2.2 Correlation between Intervals. 
Because the area of the Earth’s surface affected by failures in an interval largely 
overlaps the area affected by failures in neighboring intervals, sample sets may be 
combined, thus reducing the need to run additional samples. Combining is acceptable 
when the time history of CEC for the random attitude failure mode shows consistent 
statistical properties. This is especially useful when there is a consistent mean and a 
significant scatter of CEC with respect to time. For example, as shown in the figure 
below, it would be reasonable to use all the E(C|Event) data from 100s to 270s to 
determine the maximum CEC for the phase of flight. This approach allows for a more 
accurate determination of the confidence interval with fewer samples. 


 
6 The value of 𝑡𝑡𝛼𝛼 2⁄  corresponds to the inverse of the t-distribution cumulative distribution function at 𝑃𝑃 = 1 − 𝛼𝛼 2⁄ . 
For example, for a confidence level of 95%, 𝛼𝛼 = 0.1, and, for ten degrees of freedom, 𝑡𝑡𝛼𝛼 2⁄ ≈ 1.8. 
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Figure – 1. Example of time period of stable CEC with scatter 


11 EVALUATING CEC RESULTS. 


11.1 Comparison to Threshold Criteria. 
To demonstrate compliance with §§ 450.101(c)(2) or 450.108(b), CEC should be 
calculated without considering flight abort. This means that the vehicle responses to all 
failures are based only on the physics of the instigating event and the vehicle’s response 
to that event. For the default CEC measure, § 450.101(c)(2) requires evaluation against 
the threshold value of 1 × 10-3. If this value is not exceeded by the maximum CEC value 
of any reasonably foreseeable failure mode in any significant period of flight, then no 
additional mitigations of high consequence events are required. 


11.1.1 CEC Evaluation Timeline. 
The evaluation of CEC should be performed during vehicle design, well before an 
operation takes place. It is generally not feasible to add a flight safety system during the 
preparation for a specific operation. Thus, the determination whether flight abort will be 
used as a hazard control strategy, and whether it must meet the requirements of 
§ 450.145 or § 450.143 should be made long before a specific launch or reentry 
operation is planned. Therefore, such a determination should be made considering all 
contemplated operation profiles, vehicle variations, and environmental conditions. 
Thus, usually the CEC evaluation and flight abort determination is made with significant 
margin to allow for changes in the planned operational conditions. However, different 
operational conditions could require a reevaluation of the determination, such as if a 
flight could expose significantly more population. 
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11.1.2 Validating CEC. 
A flight safety analysis must include risk analysis, per § 450.135(a) and § 450.137(a), 
that demonstrates compliance with the safety criteria of § 450.101. This includes any 
CEC calculations required to meet the high consequence event protection requirements 
of § 450.101(c). The debris risk analysis must be computed either prior to the day of the 
operation, accounting for all foreseeable conditions within the flight commit criteria, or 
during the countdown using the best available input data, including flight commit 
criteria and flight abort rules (§ 450.135(a)). The CEC analysis should be performed 
prior to the day of launch covering all foreseeable conditions. This should account for 
potential variations in trajectories, winds, and population. As discussed in the previous 
paragraph, normally the initial CEC determination includes sufficient margin that 
specific operations do not necessitate confirmation of meeting the requirements. In, 
accordance with § 450.165(a)(7), when an FSS is used as a hazard control, the operator 
must verify that the conditions prior to flight are consistent with the CEC analysis in 
order to satisfy the requirements of § 450.101. 


11.2 FSS Requirements for High Consequence Event Protection. 
If the § 450.101(c)(2) threshold is exceeded and an operator cannot comply with 
§ 450.101(c)(3), then an operator must protect against a high consequence event in 
uncontrolled areas for each phase of flight by meeting § 450.101(c)(1), which requires 
the operator to use flight abort as a hazard control strategy in accordance with the 
requirements of § 450.108. Section 450.108(b) requires an operator to use a flight safety 
system that meets § 450.143 if the consequence of any reasonably foreseeable failure 
mode in any significant period of flight is between 1 × 10-2 and 1 × 10-3 conditional 
expected casualties in uncontrolled areas, or § 450.145 if the consequence of any 
reasonably foreseeable failure mode in any significant period of flight is greater than 
1 × 10-2 conditional expected casualties in uncontrolled areas. Additional guidance for 
flight abort is available in AC 450.108-1, Flight Abort Rule Development. 
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12 ALTERNATE MEANS OF COMPLIANCE. 
This AC is based on the CEC measure and specific CEC thresholds specified in the 
regulations, including §§ 450.101(c)(2) and 450.108(b). However, § 450.37 allows 
applicants to propose alternative approaches to measuring high consequence events that 
provide an equivalent level of safety, which may be approved by the FAA without a 
waiver. The FAA added this flexibility because it is aware of methods other than using 
CEC to measure the potential for high consequence events. If an applicant chooses to 
propose an alternative means of measuring a high consequence event, the FAA expects 
the alternative means to account for the potential for any high consequence event using 
a method that demonstrates an equivalent level of safety to a CEC analysis. In order to 
demonstrate an equivalent level of safety, the operator must ensure that the alternative 
means accurately assesses that the operation would not exceed an acceptable threshold 
for high consequence events. In order to determine whether an alternative threshold for 
high consequence events is acceptable, the FAA will compare the alternative 
measurement to the CEC threshold in the regulation.7  


12.1 Using Risk Profile Curves. 
A tool that may provide an equivalent level of safety to using CEC to measure high 
consequence events is a risk profile, as per reference number [2] of paragraph 3.4 of this 
AC. This is a curve that is sometimes used to compute maximum probable loss (MPL) 
to evaluate the insurance requirements of part 440, Financial Responsibility. Reference 
number [3] of paragraph 3.4 of this AC defines a risk profile is a plot that shows the 
probability of N or more casualties (vertical axis) as a function of the number of 
casualties, N (horizontal axis). A risk profile is discrete (i.e. no fractional casualties) 
and is the complementary cumulative distribution of the histogram that accounts for the 
aleatory uncertainty in the discrete number of casualties for each reasonably foreseeable 
scenario; as such the area under a risk profile is equal to the EC. Reference number [3] 
of paragraph 3.4 of this AC provides additional details regarding risk profile 
computations, including an example problem. Note that much more effort may be 
needed to generate a risk profile as compared to a set of CEC values. Figure 2 is an 
example of a risk profile showing the probability of third-party fatalities caused by 
general aviation (GA) accidents. 


 
7 Alternatively, the applicant would be expected to demonstrate that the consequence of any failure during any 
significant period of flight is at least an order of magnitude less than the average results from a fixed-wing general 
aviation aircraft fatal accident, as explained below. 
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Figure-2 – US General Aviation Ground Fatalities per Fatal Accident 1982-2019 


12.2 The General Aviation Risk Profile. 
The FAA computed this risk profile using National Transportation Safety Board 
(NTSB) accident data8 between 1982 and 2019 for only fixed-wing aircraft operated 
under 14 CFR parts 91, 135, and 137, excluding aircraft types that meet Part 25. The 
vertical axis of Figure 2 of this AC shows the conditional probability of “N” or more 
fatalities given a GA aircraft accident, and the horizontal axis shows the number of 
fatalities “N” for third parties only (uninvolved people located on the ground). The 
horizontal axis does not count fatal injuries to pilots and passengers. However, to 
qualify as an “accident” there must have been at least one fatality, including people 
on-board the aircraft. This conditional risk profile shows that one or more third party 
fatalities results on average following every 100 GA accidents. This empirical data also 
indicates that GA accidents have a conditional expected fatality value near 1E-2, which 
equates to the area under the conditional risk profile. 


12.3 Compliance with High Consequence Event Protection. 
An equivalent level of safety with § 450.101(c)(2) may be demonstrated by showing 
that the conditional risk profile for a launch or reentry mission, in terms of casualties, is 
at least an order of magnitude below the conditional ground fatality risk profile for GA 
accidents shown in Figure 2 of this AC. The empirical data from aviation accidents 
demonstrates that ground casualties are about three times more likely than ground 
fatalities; that difference is deemed appropriate given the uncertainties inherent in any 
physics-based model results. 


 
8 A total of 12,644 fatal accidents, with 117 accidents that involved one or more ground fatalities. 
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13 DEMONSTRATED RELIABILITY. 


13.1 Required Reliability. 
Section 450.101(c)(3) states that one way in which an operator can protect against a 
high consequence event in uncontrolled areas for each phase of flight is by establishing 
that the launch or reentry system has sufficient demonstrated reliability as agreed to by 
the Administrator based on CEC criteria during that phase of flight. The FAA will use 
the demonstrated reliability and average ground consequence results from fatal 
accidents involving U.S. civil aviation aircraft with standard airworthiness certificates 
to establish what constitutes sufficient demonstrated reliability to protect against a high 
consequence event based on CEC as described in this section. More specifically, 
sufficiently high demonstrated reliability will be evaluated based on the principles 
outlined in paragraphs 13.3.1 and 13.3.2 of this AC. 


13.2 Demonstrating Reliability. 
An applicant should demonstrate reliability based on history of the vehicle being flown, 
following equivalent practices to type certification for aircraft. Small modifications of a 
vehicle may be acceptable without being considered a new vehicle. Based on current 
licensed operations, the FAA anticipates that, initially, only flight phases where an 
aircraft carries a rocket would be able to meet the demonstrated reliability standard, and 
the aircraft would need an airworthiness certificate and extensive flight history. 
However, it is anticipated that in the future, rocket systems will also develop history and 
certification practices that will enable commensurate levels of reliability to be 
demonstrated. Because demonstrated reliability provides an alternative to flight abort 
when CEC is greater than 1 x 10-3, it is appropriate to assess it consistent with the 
approach to flight abort and FSS reliability, which depends on CEC with a 1 x 10-2 
threshold. For example, a binomial approach would require data from at 87,000 flights 
without a failure to demonstrate a reliability corresponding to the 8E-6 failure rate 
(identified in paragraph 13.3.3 of this AC) at the 50% confidence level.9 


13.3 Existing Aviation Data. 
Existing data is available and provides findings necessary to relate several classes of 
aircraft to consequences and reliability requirements. Reliability is simply the converse 
of failure probability, so reliability = 100% minus failure probability. Consequences for 
aircraft are not, however, available in terms of ground casualties. This information is 
only available in terms of ground fatalities. Conditional expected fatalities, 10 CEF, is 


 
9 For example, see equation 13.9 in “An Introduction to Reliability and Maintainability Engineering” by Charles E. 
Ebeling, Waveland Press, Inc., Long Grove, IL, 2019, ISBN-13: 978-1577666257. 
10 CEF represents conditional expected fatalities and is used to measure the mean number of fatalities predicted to 
occur given an event with a probability of 1. The FAA found that about one ground fatality resulted on average from 
one hundred fatal accidents involving U.S.-registered aircraft operated under Part 91 between 1984 and 2013 based 
on NTSB data. A comparison of CEC to CEF is appropriate here because the CEF values cited here are empirical 
results from aviation accidents, whereas the CEC values used here are the results of physics-based computer 
simulations for launch and reentry operations. In addition, the differences between aviation and space operations 
justify some margin in the tolerability of the conditional risks predicted for space transportation operations. 
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therefore used as an equivalent level of safety to compare against CEC, as this is a 
conservative approach. 


13.3.1 Commercial transport aircraft have large casualty areas (up to approximately one 
million square feet). As a result of rigorous system safety programs and high 
redundancy of safety critical systems, they are allowed to fly over highly concentrated 
population centers in large cities. They are allowed to overfly cities and have a 
demonstrated probability of a failure resulting in a fatal accident per flight of less than 
1E-6 (8E-7). These aircraft have a CEF, as measured by fatalities per fatal accident, of 
approximately 1. This CEF is then compared to the CEC of the applicant’s vehicle for 
purposes of § 450.101(c)(3). Flight Safety Analysis should protect against high 
consequence events for purposes of § 450.101(c)(3) by establishing that a launch or 
reentry vehicle sufficiently demonstrates reliability per the failure probabilities and 
conditions described in AC 25.1309-1A, System Safety Analysis and Assessment for 
Part 23 Airplanes. 


13.3.2 Fixed wing, non-commercial transport, general aviation aircraft (including business 
jets) are characterized by a smaller casualty area (typically up to 10,000 square feet). 
Their system safety programs are quite rigorous, although they lack the level of 
redundancy in safety critical systems that commercial transport aircraft have. They are 
allowed to overfly cities with a demonstrated probability of a failure resulting in a fatal 
accident per flight of less than 1E-5 (8E-6). These aircraft have a CEF of approximately 
0.01 as measured by fatalities per fatal accident. Flight Safety Analyses should protect 
against high consequence events for purposes of § 450.101(c)(3) by establishing that a 
launch or reentry vehicle sufficiently demonstrates reliability per the failure 
probabilities and conditions described in AC 23.1309-1E. 


13.3.3 Figure 3 of this AC connects two data points, the estimated failure probability (7.8E-6) 
and maximum conditional EF (0.01) for Fixed Wing General Aviation and the point 
with the corresponding values for Commercial Transports (failure probability = 7.8E-7, 
maximum conditional EF =1.) These points have been connected by a straight line 
indicating an assumed relationship between allowable failure probability and maximum 
conditional EC (CEC). 
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Figure-3. Tolerable Failure Probability Per Flight vs CEC 


13.3.4 If the estimated CEC falls between the CEF data for Fixed Wing General Aviation and 
that shown for Commercial Transports, then the tolerable failure probability for that 
segment may be estimated by interpolating between the failure probability for the two 
classes of aircraft, in logarithmic space, as illustrated in the graph in Figure 3. 
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1 PURPOSE. 


1.1 This advisory circular (AC) provides guidance and an acceptable method, but not the 
only method, that may be used to define an acceptable system safety program (SSP) in 
accordance with Title 14 of the Code of Federal Regulations (14 CFR) § 450.103 
System Safety Program. 


1.2 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. In addition, an operator may tailor the provisions 
of this AC to meet its unique needs, provided the changes are accepted as a means of 
compliance by the FAA. Throughout this document, the word “must” characterizes 
statements that directly follow from regulatory text and therefore reflect regulatory 
mandates. The word “should” describes a requirement if electing to use this means of 
compliance; variation from these requirements is possible but must satisfy the 
regulation to constitute an alternative means of compliance. The word “may” describes 
variations or alternatives allowed within the accepted means of compliance set forth in 
this AC. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 
a launch or reentry vehicle operator license, and a licensed operator seeking to renew or 
modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related United States Code Statute.  


3.2 Related FAA Commercial Space Transportation Regulations. 
The following 14 CFR regulations must be accounted for when showing compliance 
with 14 CFR 450.103. The full text of these regulations can be downloaded from the 
U.S. Government Printing Office e-CFR. A paper copy can be ordered from the 
Government Printing Office, Superintendent of Documents, Attn: New Orders, PO Box 
371954, Pittsburgh, PA, 15250-7954. 


• Section 450.101, Safety criteria. 


• Section 450.107, Hazard control strategies. 


• Section 450.108, Flight abort. 


• Section 450.109, Flight hazard analysis. 


• Section 450.110, Physical containment. 


• Section 450.111, Wind weighting. 


• Section 450.113, Flight safety analysis requirements—scope. 


• Section 450.115, Flight safety analysis methods. 


• Section 450.139, Toxic hazards for flight. 


• Section 450.141, Computing Systems 


• Section 450.143, Safety-critical system design, test, and documentation. 


• Section 450.157, Communications. 


• Section 450.179, Ground safety—general. 


• Section 450.181, Coordination with a site operator. 


• Section 450.183, Explosive site plan. 


• Section 450.185, Ground hazard analysis. 


• Section 450.187, Ground safety prescribed hazards. 


• Section 450.209, Compliance monitoring. 


• Section 450.219, Records. 
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• 51 U.S.C. Subtitle V, Chapter 509. 
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3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars (are available through the FAA website, http://www.faa.gov). 


• AC 450.107-1, Hazard Control Strategy Determination, dated July 27, 2021. 


• AC 450.109-1, Flight Hazard Analysis, dated August 5, 2021. 


• AC 450.141-1A, Computing Systems Safety, Revision A, dated August 16, 2021. 


• AC 450.173-1, Mishap Reporting, Response, and Investigation, dated August 12, 
2021. 


• AC 450.179-1, Ground Safety, when published. 


3.4 Related Industry Documents. 


• American National Standards Institute, ANSI-EIA-649C, National Consensus 
Standard for Configuration Management, dated February 7, 2019. 


• Department of Defense Standard, MIL-STD-882E, System Safety, dated 
May 11, 2012, https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027. 


• Military and Government Specifications and Standards, MIL-HDBK-61B, 
Configuration Management Guidance, dated April 7, 2020. 


Note: The industry documents referenced in this chapter refer to the current revisions 
or regulatory authorities’ accepted revisions. 


DEFINITION OF TERMS. 
For this AC, the definitions from § 401.7 apply. 
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ACRONYMS. 
AC – Advisory Circular 


CFR – Code of Federal Regulations 


CM – Configuration Management 


FAA – Federal Aviation Administration 


FHA – Flight Hazard Analysis 


FSA – Flight Safety Analysis 


FSS – Flight Safety System 


OMB – Office of Management and Budget 


SSP – System Safety Program 


U.S.C. – United States Code 


U.S. – United States 
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6 SYSTEM SAFETY PROGRAM. 
Section 450.103, System Safety Program, requires the implementation and 
documentation of a system safety program (SSP) applicable throughout the lifecycle of 
a launch or reentry system. A documented SSP establishes the methodologies and 
management principles for flight safety. It should be demonstrated that an SSP has been 
established and documented such that compliance with FAA regulations can be 
determined and maintained. To demonstrate compliance with § 450.103, the 
documented SSP should define pertinent organizational structures, processes, and safety 
analysis methodologies. Advisory Circular 450.179-1, Ground Safety provides guidance 
on ground safety for requirements in §§ 450.179, 450.181, 450.183, 450.185, 450.187, 
and 450.189. 


6.1 Lifecycle System Safety. 
Figure 1 of this AC depicts a generic launch or reentry system lifecycle. An effective 
system safety process should be incorporated throughout the lifecycle of the program. 
Public safety hazards associated with systems and operations of a launch or reentry 
vehicle are generally reliant on sound design, manufacturing, and operational processes 
and procedures that span the lifecycle. 
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6.2 Context for System Safety Program. 
The scope of system safety incorporates all elements of the program that contribute to 
achieving compliant operations. Section 450.103 specifically deals with the 
organizational structures and management processes and principles relied on for 
ensuring that hazard controls and analyses correspond to the actual system operations. 
Thus, these are the core processes that ensure that the fundamental risk requirements in 
§ 450.101 and system safety risk criteria of §§ 450.109(b)(3) and 450.185(c) are met 
over the lifecycle of the system. This is illustrated in Figure 2. Hazard management, in 
§ 450.103(b), is the assessment of the system and communication of this assessment to 
the personnel implementing the remainder of the safety requirements. This is a 
continuous, iterative process throughout the lifecycle; thus, configuration management 
and control, in § 450.103(c), is a necessary foundation. The outcomes of the functional 
hazard analysis, hazard control strategy determination, flight hazard analysis (FHA), 
and flight safety analysis (FSA) should be implemented in the actual operation, which 
necessitates clear responsibility and authority, as described in § 450.103(a). Finally, 
each operation provides critical information for improving safety and rectifying errors 
before future operations, thus post-flight data review is required, per § 450.103(d), from 
which necessary updates to the hazard management approach and processes should be 
determined and implemented. 


Figure 2. Context of § 450.103 in Part 450 Safety Requirements 
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SAFETY ORGANIZATION. 
Section 450.103(a) requires an operator to maintain a safety organization. The 
establishment of a safety organization is a critical component of launch and mission 
operations and public safety. As defined in § 401.7, mishap includes a failure of the 
safety organization. The safety organization’s primary responsibility is to carry out the 
processes needed to protect public safety, as identified in the documented SSP. In 
addition to the typical system safety engineering organizations, the documented SSP 
should include a safety organization that addresses and covers all aspects of the public 
safety of Part 450 Launch and Reentry License Requirements. The safety organization 
must have clearly defined lines of communication and an approval authority for all 
public safety decisions associated with a licensed operation or mission, per 
§ 450.103(a). The FAA encourages the development of an organizational chart that 
depicts the safety organization in the context of the larger organization. Figure 3 of this 
AC is an example illustration of the foundational structure of a compliant safety 
organization. 


Company/
Organization 
(Operator) 


- - -


Mission Director 
Position 


Program/
Mission Assurance 


Safety Official
Position 


*This individual can be 
used as an FAA Liaison. 


System Safety
Engineering 


Ground Operations 
Safety Engineers/ 


Personnel 


Flight Operations
Safety Engineers/ 


Personnel 


Independent monitor of 
safety policy, safety 


procedure, and licensing 
requirements compliance 


Figure 3. Sample Safety Organization of § 450.103(a) 


7.1 Required Personnel. 
At a minimum, two specific positions are required for each launch or reentry: a Mission 
Director and a Safety Official, in accordance with § 450.103(a)(1) and (2). The 
qualifications for these specific positions should also be documented. Lessons learned 
from previous mishaps have identified the importance of the independence of the 
Mission Director and Safety Official roles to ensure that the goal of safety is primary. 
To achieve this independence, these must be different persons, as indicated by 
§ 450.103(a). 
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7.1.1 Personnel Assignment. 
A Mission Director and Safety Official should be named and in place prior to the 
initiation of any licensed activity. The same persons may be used for multiple launch or 
reentry sites. However, it may be difficult for a single individual to serve as a Safety 
Official for multiple sites if launch or reentry activities were to occur close in time to 
each other. In those instances, multiple persons may be chosen. Table 1 of this AC 
provides an example format for identification of safety organization personnel. 


Table 1 – Example Safety Organization Personnel Table for an Operation 


POSITION NAME COMPANY & 
JOB TITLE 


CONTACT 
INFORMATION 


Mission 
Director - - -


Safety 
Official - - -


Note: This table should be expanded to include other directors, officials, and personnel, 
as necessary. 


7.1.2 Mission Director. 
The Mission Director is responsible for the safe conduct of all licensed activities and 
authorized to provide final approval to proceed with licensed activities, in accordance 
with § 450.103(a)(1). This includes ensuring that all of the Safety Official’s concerns 
are addressed, per § 450.103(a)(3). The organization should make this responsibility 
clear to the Mission Director. 


7.1.3 Safety Official. 
The Safety Official is required to have direct access to the Mission Director. The Safety 
Official is responsible for communicating potential safety and noncompliance issues to 
the Mission Director, in accordance with § 450.103(a)(2)(i). The Safety Official is 
authorized to examine all aspects of the ground and flight safety operations, and 
independently monitor compliance with safety policies, safety procedures, and licensing 
requirements, in accordance with § 450.103(a)(2)(ii). Thus, it is the responsibility of the 
Safety Official to ensure safety issues are identified across the organization and 
presented to the Mission Director. The Safety Official will be held responsible if a 
safety issue is not presented to the Mission Director. The Safety Official should ensure 
that these issues are presented in a timely manner so they can be addressed. The 
organization should make this responsibility clear to the Safety Official for each 
operation. 
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7.2 Addressing Concerns of the Safety Official. 
In accordance with § 450.103(a)(3), the Mission Director must ensure that all of the 
Safety Official’s concerns are addressed. The documented SSP should contain a defined 
process for communication of the concerns of the Safety Official to the Mission 
Director and verification that they have been addressed. A meeting prior to the 
commencement of preparations for a licensed activity, such as a Launch Readiness 
Review, should be held. Minutes of the meeting should be kept, to include, at a 
minimum, the attendees and any safety issues that are discussed. During the operation 
countdown, the Safety Official should have a designated step to declare “Go” or 
“No-Go” to the Mission Director, and this declaration should be recorded and/or have 
witnesses. Additional specific requirements for communications during the countdown 
and flight are listed in § 450.157. 
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8 HAZARD MANAGEMENT. 


8.1 System Assessment Methods. 
In accordance with § 450.103(b)(1), methods must be implemented to assess the system 
to ensure the validity of the hazard control strategy determination and any flight hazard 
or FSA throughout the lifecycle of the launch or reentry system. As such, the 
documented SSP should establish the process by which: public safety hazards are 
systematically identified, defined, and mitigated with verification; and hazard control 
strategies and safety analyses are validated and managed to ensure continual validity 
throughout the lifecycle of a launch or reentry system. 


8.1.1 Functional Hazard Analysis. 
The system safety approach of a functional hazard analysis must be performed for all 
Part 450 license applications in accordance with § 450.107(b), Hazard control 
strategies. The functional hazard analysis should inform and ensure the validity of the 
hazard control strategy determination, the FSA, and the FHA, by accounting for all 
functional failures associated with reasonably foreseeable hazardous events that have 
the capability to create a hazard to the public. The functional hazard analysis should 
also provide a means for methodical and continual validation of the hazard control 
strategy for each phase of flight during a launch or reentry. Thus, the functional hazard 
analysis should provide traceability between each functional failure and associated 
hazards during each phase of flight to respective hazard control strategies that should 
mitigate the hazard at the system and mission level to the associated verification 
evidence for the hazard control strategy for each phase of flight. 


8.1.2 Reasonably Foreseeable. 
"Reasonably foreseeable" is not associated with a probability or likelihood, but is 
inherent to a methodical assessment of the entire system. It is expected that "reasonably 
foreseeable hazardous events" are those identifiable through the system safety process, 
beyond those that could be determined solely by “brainstorming.” The functional hazard 
analysis is the system safety analysis tool used to analyze system functions associated 
with the proposed operation (mission). The functional hazard analysis is primarily used 
to identify and classify the overall system functions and consequences of functional 
failure or malfunction. The objective is to identify all pertinent potential system, 
subsystem, and component functional failures that could impact public safety. It is 
important to note that the identification of potential system safety hazards and 
respective functional sources (i.e. subsystem functional failures) should not consider 
any foreseeable mitigation or predetermined hazard control strategy. 
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8.1.3 Flight Hazard Analysis. 
The system safety approach of an FHA may be determined as a hazard control strategy 
per § 450.107(a), or required, per § 450.107(c). If used, the documented SSP should: 
define the methodology and the process for ensuring continued validity, in accordance 
with §§ 450.103(b)(1) and 450.109, and a process for tracking hazards, risks, mitigation 
measures, and verification activities, in accordance with § 450.103 (b)(3). The operator 
may also elect to use the guidance of AC 450.109-1, Flight Hazard Analysis. 


8.1.4 Flight Safety Analysis. 
An FSA must be performed and documented in accordance with §§ 450.113 through 
450.139. This includes risks from debris, toxics, explosions, and far-field overpressure 
effects. The documented SSP should ensure the validity of this analysis, with 
appropriate methodology in place to achieve these requirements. 


8.2 Managing Updates. 
The documented SSP should define the tools and processes used to ensure that safety 
analysis data is effectively communicated, required actions and necessary updates are 
efficiently implemented, and safety information is thoroughly organized and 
maintained. In accordance with § 450.103(b)(2), the system safety organization ensures 
communication and implementation of any updates throughout the organization. This 
section includes aspects of the system safety organization that can be used as a means of 
compliance for § 450.103(b)(2). The system safety organization should be described in 
sufficient detail to clearly show how each of the divisions and roles within the larger 
organization will work to accomplish the goals of the SSP. For the system safety 
organization, the documented SSP should, at a minimum, detail established 
communication lines to management and engineering for informing of impacts to risks 
to the public and necessary implementation actions to address the impacts. Effective 
communication is accomplished through clear organizational structure, well defined 
roles and responsibilities, defined interfaces through the organization, and active 
management oversight. 


8.2.1 Organizational Structure. 
Diagrams or organizational charts, such as Figure 4 of this AC, should be utilized to 
show the system safety organization with functional relationships and lines of 
communication within the program. 
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Managing Authority 


Program ManagerProduct Assurance 


System Safety
Manager 


System Engineering 
Manager 


Manufacturing 
Manager 


Procurement 
Manager 


Electrical Design 


Mechanical Design 


R&M 


Software Design 


- - -


Note: The System Safety Manager 
is a staff function to the Program 
Manager, with access to all lines 
of upper management included 
within the Managing Authority. 


Figure 4. Sample System Safety Organization 


8.2.2 Integration. 
The documented SSP should provide clarity about how the different parts of the 
organization interface with each other. Specifically, it should: 


 • Define the interfaces with functional organizations and other involved disciplines, to
include: 


o Program management, systems engineering, design engineering (system,
subsystems, interfaces), test engineering, software engineering, system
operations development, ground operations development, reliability
engineering, human system integration, logistics and sustainment
engineering, quality engineering, subcontractor management, and others, as
applicable.


• Define interfaces with other applicable safety disciplines, such as software safety, 
range safety, nuclear safety, explosive and ordnance safety, chemical and biological 
safety, occupational safety and health, laser safety, etc. 


• Define the procedures for integrating and coordinating the system safety effort, 
including: definition of system safety requirements within design specifications and 
operations documents; dissemination of system safety requirements to relevant 
organizations and contractors; support to program and design reviews and trade 
studies; support to engineering and software change reviews; status reporting of 
system safety efforts; and institution of system safety groups. 


• Define expected criteria for interaction with CM processes, software development 
processes, data management processes, system and design engineering processes, 
etc. The interfaces and criteria should include requirements, data exchange, and 
communications. 


• Describe tools used to convey system safety information such as hazard tracking 
systems or internal workflow systems. 


13 







09/07/2021 AC 450.103-1 


8.2.3 Oversight. 
An effective plan also includes oversight and tracking, so the documented SSP should:


that have been procured, to include integration of contractor system safety analyses
and data.


• Identify when formal approval action of safety documentation is required, by whom,
and how that approval is documented.


• Define the process by which management decisions will be made, including timely
notification of unacceptable risks, necessary action, mishaps, anomalies, waivers to
system safety requirements, and program deviations.


8.3 Tracking of FHA Data. 
In accordance with § 450.103(b)(3), operators that are required to conduct an FHA must 
implement a process for tracking hazards, risks, mitigation measures, and verification 
activities. Section 450.109 contains detailed requirements for performing an FHA, and 
FAA provides additional guidance in AC 450.109-1, Flight Hazard Analysis. Data 
tracking is essential for a sound and continually valid FHA. The documented SSP 
should define the process and mechanism for identifying, detailing, tracking, collecting, 
analyzing, and retaining the FHA data. Examples of mechanisms are hazard reports, a 
hazard database, systems engineering management tools, etc. 


8.3.1 Traceability. 
As discussed in AC 450.109-1, Flight Hazard Analysis, traceability methods should be 
established for all relevant system safety requirements and analyses. For the FHA, 
traceability should be demonstrated from: 


1. Subsystem and component functional failures to their causes and respective
mitigations and adequate verification evidence;


2. Subsystem and component functional failures to respective system safety hazards to
the public at the system and mission level;


3. Subsystem and component level risk assessment to system and mission level risk
assessment; and


4. System safety hazards to the public at the system and mission level to their
respective mitigations and adequate verification evidence.
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9 CONFIGURATION MANAGEMENT AND CONTROL. 


9.1 Standards for configuration management and control can be found in MIL–HDBK–61. 
The documented SSP must track the configuration of all safety critical systems and 
documentation, per § 450.103(c)(1). The documented SSP should define a CM process 
for documenting and tracking configurations of all safety-critical systems. Of course, a 
key step is identification of those systems which are safety-critical. Safety-critical 
systems must be identified and documented via the functional hazard analysis in 
accordance with § 450.107(b)(2), and this may evolve through the lifecycle. Thus, the 
configuration management process should apply not just to known safety-critical 
systems, but also track system changes for potential implications in regards to public 
safety. 


9.2 The CM process should: ensure the use of correct and appropriate versions of all 
systems and documentation, in accordance with § 450.103(c)(2); and document the 
configurations and versions identified via § 450.103(c)(2) for each licensed activity, in 
accordance with § 450.103(c)(3). The FAA encourages the use of automated, internal 
workflow systems to accomplish this task. The process defined in the documented SSP 
should include lifecycle change, modification, and redesign activity. The documented 
SSP should clearly detail how the CM process meets the requirements sufficient for the 
FAA to assess compliance of the system. 


10 POST-FLIGHT DATA REVIEW. 
An operator is required to employ a process for evaluating post-flight data, in 
accordance with § 450.103(d). Review of post-flight data provides valuable safety 
information on future operations. The documented SSP should define the process for 
post-flight data review in sufficient detail to allow the FAA to evaluate and audit the 
process for compliance. 


10.1 Data Collection. 
Post-flight data should be formally collected, reviewed, and recorded. The data should 
be utilized to identify trends, in the context of previous flights, and gauge effectiveness 
of corrective actions. 


10.2 Analysis Consistency. 
An operator must employ a process for evaluating post-flight data to ensure consistency 
between the assumptions used for the hazard control strategy determination, any flight 
hazard or flight safety analyses, and associated mitigation and hazard control measures, 
per § 450.103(d)(1). If the flight data indicates an incorrect assumption, the hazard 
management approach should be reassessed for any necessary modifications, and the 
inconsistency must be resolved prior to the next flight of the vehicle, in accordance with 
§ 450.103(d)(2). To ensure there is no increased likelihood of system safety hazards to 
the public, additional mitigation measures may be required. The updated analyses 
should be used for future flights of the system. 
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Note: Flight abort events are typically rare, so verifying the success of a flight abort 
strategy will rarely be possible. However, post-flight data reviews of other aspects of 
flight abort may frequently be possible, such as verifying that vehicle data required to 
evaluate flight abort rules is available to the FSS under all reasonably foreseeable 
conditions during normal and malfunctioning flight, and that FSS environments did not 
exceed qualification levels. 


10.3 Anomaly Reporting and Investigation. 
An operator must employ a process for identifying and addressing (prior to the next 
flight) any anomaly that may impact any FHA, FSA, or safety-critical system, or is 
otherwise material to public safety, per §§ 450.103(d)(3) and 450.103(d)(4). Anomaly 
reporting and investigation is essential for ensuring continually valid system 
assessment. The documented SSP should define system safety involvement in the 
anomaly reporting, investigation, and resolution process. This process should be 
outlined for updating analyses and risks to address the anomaly, including any 
additional required mitigations, as well as for the periodic review of these analyses and 
risks (i.e., before flight, after flight). The FAA notes that, if an anomaly constitutes a 
mishap, as defined in § 401.7, additional requirements apply, per § 450.173 (see also 
AC 450.173-1, Mishap Reporting, Response, and Investigation). 


10.4 Reporting to FAA. 
In accordance with § 450.215, a licensee must submit, among other things, information 
on any anomaly that occurred during countdown or flight that is material to public 
health and safety and the safety of property, along with any corrective action 
implemented or to be implemented after the flight due to an anomaly or mishap. A 
summary of the flight anomaly, the closure strategy, and acceptance rationale should be 
documented and provided to the FAA for review. 
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11 APPLICATION REQUIREMENTS. 
In accordance with § 450.103(e), the following must be submitted: (1) a description of 
the applicant’s safety organization, identification of the applicant’s lines of 
communication and approval authority, both internally and externally, for all public 
safety decisions and the provision of public safety services; and (2) a summary of the 
processes and products identified in the system safety program requirements in 
§§ 450.103(b), (c), and (d). 


11.1 Safety Organization. 
The documentation of the safety organization should address the specific requirements 
of chapter 7 of this document and identify lines of communication discussed in 
paragraph 8.2 of this document. 


11.2 Summary of Processes and Products. 
The submission could take the form of one comprehensive document or an identified set 
of documents that together demonstrate compliance with the application requirements 
of this chapter. The overall SSP documentation will typically also include the processes 
and products required for the functional hazard analysis per § 450.107(b), FHA (if 
performed) per § 450.109, safety-critical software and systems per §§ 450.141 and 143, 
and ground safety per §§ 450.179, 181, 183, 185, and 189. Table 2 of this AC is an 
example compliance table that may be provided, along with the identified 
documentation, to demonstrate compliance with the requirements of § 450.103. 
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Table 2 – Example of a Compliance Table 


§ 450.103 DOCUMENT EVIDENCE 


(a)(1) &(2) Site Safety Doc TBD TBD 


(a)(3) Site Safety Doc TBD TBD 


Flight Review Process Doc TBD TBD 


(b)(1) & (2) System Safety Program Doc TBD TBD 


Software Development Doc TBD TBD 


System Engineering Management Doc TBD TBD 


(b)(3) System Safety Program Doc TBD TBD 


Flight Hazard Analysis Doc TBD TBD 


(c)(1) - (3) Configuration Management Doc TBD TBD 


Flight Review Process Doc TBD TBD 


Flight System Configuration Doc TBD TBD 


(d)(1) - (4) System Safety Program Doc TBD TBD 


System Engineering Management Doc TBD TBD 


Flight Review Process Doc TBD TBD 


Post-Flight Review Doc TBD TBD 
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Key Aspects of a Sound System Safety Plan 


A.1 SYSTEM SAFETY RISK ASSESSMENT. 
The system safety risk assessment can be utilized for flight safety and ground safety. 
The system safety risk assessment is generally qualitative; however, there are instances 
when quantitative demonstration may be possible or necessary. For flight safety, it is 
meant to augment the quantitative risk calculated by the FSA and inform the 
development and refinement of applicable mitigations. An operator must assess each 
hazard’s likelihood and severity, per §§ 450.185(b) and 450.109(b)(2). Therefore, an 
operator should define severity categories and likelihood levels to meet these 
regulations and to ensure that the system safety risk meets the criteria of §§ 450.185(c) 
and 450.109(b)(3). These severity categories and likelihood levels may be informed by 
industry practice and existing government standards. Utilizing a matrix allows for more 
effective characterization of each system safety risk against acceptance criteria. The 
applicant may consider MIL-STD-882E, Department of Defense Standard Practice – 
System Safety. The following guidance on severity categories (Table 3 of this AC) and 
likelihood levels (Table 4 ) may be utilized to assess system safety risk to the public. 


Table 3 – Severity Categories 


DESCRIPTION CATEGORY CONSEQUENCE DEFINITION 


Catastrophic I Could result in one or more of: fatality or serious 
injury (as defined in 49 C.F.R. § 830.2) to the 
public or loss of safety-critical system. 


Critical II 
Applicant should define consequences in regards 
to: injury to the public; property damage to the 
public; safety-critical system damage or reduced 
capability; reduction in safety margins; or 
increase in crew workload. 


Marginal III 


Negligible IV 
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Table 4 – Likelihood Levels 


DESCRIPTION LEVEL LIKELIHOOD CRITERIA 


Frequent A 
Likely to occur often in the life of an item, with a 
likelihood of occurrence greater than 10-2 in any one 
mission. 


Probable B 
Will occur several times in the life of an item, with a 
likelihood of occurrence less than 10-2 but greater 
than 10-3 in any one mission. 


Occasional C 
Likely to occur sometime in the life of an item, with a 
likelihood of occurrence less than 10-3 but greater than 
10-5 in any one mission.


Remote D 
Unlikely but possible to occur in the life of an item, 
with a likelihood of occurrence less than 10-5 but 
greater than 10-6 in any one mission. 


Extremely 
Remote E 


So unlikely, it can be assumed occurrence may not be 
experienced, with a likelihood of occurrence less than 
10-6 in any one mission.


Eliminated F 
Incapable of occurrence. Potential hazard is identified 
and later eliminated. 


A.2 SYSTEM SAFETY REQUIREMENTS. 
Identification and implementation of system safety requirements within the systems 
engineering process ensures the effectiveness and validity of system assessments. The 
systems engineering process should be outlined for: 


through a systematic application of design guidance from standards, specifications,
regulations, design handbooks, safety design checklists, and other sources. Safety
design requirements should be included in the system specification and expanded
for inclusion in the associated lower level specifications.


• Safety operational requirements should be included in procedures, test, and
inspection documentation, applicable rules or commit criteria, operational clear
areas, etc.


A-20


• Safety design requirements for which objectives are to mitigate system hazards







 


09/07/2021 AC 450.103-1 


A.3 INTEGRATED SCHEDULE. 
The system safety schedule ensures effectiveness of the system assessment throughout 
the lifecycle of the program. The documented SSP should detail the system safety 
activities and milestones within the overall program schedule, including product or task 
start and completion dates, reports, reviews, and safety milestones. Typically, the 
milestones of the system safety program coincide with the license process, program 
reviews, and other contract milestones. Thus, the schedule should detail the system 
engineering activities for which system safety efforts are integrated (e.g., technical 
reviews, program reviews, design/analysis/test activities, etc.). 


A.3.1 Integration within Program Activities.
To be effective, the system safety activities of any program should be integrated into 
other program activities. To be efficient, each system safety task should be carefully 
scheduled to have the most positive effect. A system safety analysis performed early in 
the design process can lead to the inexpensive elimination of a hazard through design 
changes. The later the hazard is identified in the design cycle, the more expensive and 
difficult the change. Hazards identified late in the design phase and testing cycles may 
be impractical to design out. In such cases, hazards may still be controlled through 
procedural and training steps but having to do so, when they could have been prevented, 
reflects unnecessary long-term costs and risk. 


A.3.2 Specific Milestones.
Updates to the schedule and product deliveries in the plan should occur when license 
processing, contract, or system design changes are implemented. An operator should 
identify any interdependencies for the safety tasks and artifacts. 


A.4 MANAGEMENT OF LIFECYCLE RISK. 
Management of lifecycle risks is essential for ensuring the continued validity of safety 
analyses. Impacts to risk due to design or operational changes are typically managed by 
change impact analysis. The impact should be determined for any changes to the design 
configuration or operation of a safety-critical system. The current hazard management 
approach and hazard control strategy should be reassessed with respect to the change, 
and updated appropriately. Impacts to risk due to reuse of systems, subsystems, or 
components are typically managed by a reusability approach. 


A.5 SYSTEM SAFETY DATA HANDLING. 
Data tracking is essential for sound and continually valid system assessment. The 
documented SSP should define the process for identifying, detailing, tracking, 
collecting, analyzing, and retaining system safety data. Examples of this data include 
test documentation and data, hazard reports, procedures, lessons learned, contractor 
deliverables, post-flight documentation, anomaly reports, and pertinent historical hazard 
or mishap data. 
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A.6 CONSIDERATION OF ADDITIONAL SYSTEM SAFETY-RELATED TASKS. 
A complete system safety effort should consider and integrate tasks and activities 
usually performed by other organizations or disciplines, including associate contractors, 
to ensure sound and continually valid safety analyses. Table 5 of this AC lists some of 
the tasks and activities most directly associated with system safety. 


Table 5 – Additional System Safety-Related Tasks 


TASK DESCRIPTION


Processes identified by system safety analyses that are required 
Operations & to ensure public safety during ground operations and each flight 
Maintenance of the vehicle. These operations and maintenance processes 


should align with FAA requirements and guidance. 


Techniques and procedures to be used for ensuring that the 
objectives and requirements of the SSP are met in the training of Training responsible personnel. 


Reliability predictions and analysis, failure modes and effects 
analysis, and reliability testing and demonstration. Results of 


Reliability these activities are used to complement and ensure completeness 
of safety analyses, as well as identify and resolve reliability 
issues on safety-critical systems. 


• Calibration • Quality data collection
• Configuration assurance • Software testing and
• Corrective action acceptance


identification and reporting • Supplier selection, quality
• Hardware acceptance surveillance, and audits 
• Material, nonconformance, • System safety acceptance


and process reviews • Test assurance
Quality • Metrology • Vehicle acceptance


Engineering and Production quality • Validation and Verification
Assurance performance and


evaluation
• Quality assurance Program


management and
engineering


Results of these activities are used to complement and ensure 
completeness of safety analyses, as well as identify and resolve 
quality issues with safety-critical systems. 
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		Figure

		1 PURPOSE. 

		1.1 This advisory circular (AC) provides guidance and an acceptable method, but not the only method, that may be used to define an acceptable system safety program (SSP) in accordance with Title 14 of the Code of Federal Regulations (14 CFR) § 450.103 System Safety Program. 

		1.2 Level of Imperatives. This AC presents one, but not the only, acceptable means of compliance with the associated regulatory requirements. The FAA will consider other means of compliance that an applicant may elect to present. In addition, an operator may tailor the provisions of this AC to meet its unique needs, provided the changes are accepted as a means of compliance by the FAA. Throughout this document, the word “must” characterizes statements that directly follow from regulatory text and therefore 

		variations or alternatives allowed within the accepted means of compliance set forth in this AC. 

		2 APPLICABILITY. 

		2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators required to comply with 14 CFR part 450. The guidance in this AC is for those seeking a launch or reentry vehicle operator license, and a licensed operator seeking to renew or modify an existing vehicle operator license. 

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right and the FAA will not rely upon this guidance as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. 

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements. 

		1 

		1 



		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 

		3.1 Related United States Code Statute.  51 U.S.C. Subtitle V, Chapter 509. 

		3.2 Related FAA Commercial Space Transportation Regulations. 

		The following 14 CFR regulations must be accounted for when showing compliance with 14 CFR 450.103. The full text of these regulations can be downloaded from the 

		. A paper copy can be ordered from the Government Printing Office, Superintendent of Documents, Attn: New Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 

		U.S.

		 Government Printing Office e-CFR



		 Section 450.101, Safety criteria.  Section 450.107, Hazard control strategies.  Section 450.108, Flight abort.  Section 450.109, Flight hazard analysis.  Section 450.110, Physical containment.  Section 450.111, Wind weighting.  Section 450.113, Flight safety analysis requirements—scope.  Section 450.115, Flight safety analysis methods.  Section 450.139, Toxic hazards for flight.  Section 450.141, Computing Systems  Section 450.143, Safety-critical system design, test, and documentation.  Section 450.157, C

		2 

		3.3 Related FAA Advisory Circulars. FAA Advisory Circulars (are available through the FAA website, ).  AC 450.107-1, Hazard Control Strategy Determination, dated July 27, 2021.  AC 450.109-1, Flight Hazard Analysis, dated August 5, 2021.  AC 450.141-1A, Computing Systems Safety, Revision A, dated August 16, 2021.  AC 450.173-1, Mishap Reporting, Response, and Investigation, dated August 12, 

		http://www.faa.gov

		http://www.faa.gov





		2021.  AC 450.179-1, Ground Safety, when published. 

		3.4 Related Industry Documents. 

		 American National Standards Institute, ANSI-EIA-649C, National Consensus Standard for Configuration Management, dated February 7, 2019. 

		 Department of Defense Standard, MIL-STD-882E, System Safety, dated May 11, 2012, . 

		https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027

		https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027





		 Military and Government Specifications and Standards, MIL-HDBK-61B, Configuration Management Guidance, dated April 7, 2020. 

		Note: The industry documents referenced in this chapter refer to the current revisions or regulatory authorities’ accepted revisions. 

		DEFINITION OF TERMS. 

		For this AC, the definitions from § 401.7 apply. 

		3 

		ACRONYMS. 

		AC – Advisory Circular CFR – Code of Federal Regulations CM – Configuration Management FAA – Federal Aviation Administration FHA – Flight Hazard Analysis FSA – Flight Safety Analysis FSS – Flight Safety System OMB – Office of Management and Budget SSP – System Safety Program 

		U.S.C. – United States Code 

		U.S. – United States 
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		6 SYSTEM SAFETY PROGRAM. 

		Section 450.103, System Safety Program, requires the implementation and 

		documentation of a system safety program (SSP) applicable throughout the lifecycle of 

		a launch or reentry system. A documented SSP establishes the methodologies and 

		management principles for flight safety. It should be demonstrated that an SSP has been 

		established and documented such that compliance with FAA regulations can be 

		determined and maintained. To demonstrate compliance with § 450.103, the 

		documented SSP should define pertinent organizational structures, processes, and safety 

		analysis methodologies. Advisory Circular 450.179-1, Ground Safety provides guidance 

		on ground safety for requirements in §§ 450.179, 450.181, 450.183, 450.185, 450.187, 

		and 450.189. 

		6.1 Lifecycle System Safety. Figure 1 of this AC depicts a generic launch or reentry system lifecycle. An effective system safety process should be incorporated throughout the lifecycle of the program. Public safety hazards associated with systems and operations of a launch or reentry 

		vehicle are generally reliant on sound design, manufacturing, and operational processes and procedures that span the lifecycle. 

		5 

		09/07/2021 AC 450.103-1 

		Asteroids/ Meteors/ Space Debris 

		Figure 1. Generic Lifecycle of a Launch or Reentry System 

		6 

		6.2 Context for System Safety Program. The scope of system safety incorporates all elements of the program that contribute to achieving compliant operations. Section 450.103 specifically deals with the organizational structures and management processes and principles relied on for ensuring that hazard controls and analyses correspond to the actual system operations. Thus, these are the core processes that ensure that the fundamental risk requirements in § 450.101 and system safety risk criteria of §§ 450.10

		which necessary updates to the hazard management approach and processes should be determined and implemented. 

		Figure

		Figure 2. Context of § 450.103 in Part 450 Safety Requirements 
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		SAFETY ORGANIZATION. 

		Section 450.103(a) requires an operator to maintain a safety organization. The establishment of a safety organization is a critical component of launch and mission operations and public safety. As defined in § 401.7, mishap includes a failure of the safety organization. The safety organization’s primary responsibility is to carry out the processes needed to protect public safety, as identified in the documented SSP. In addition to the typical system safety engineering organizations, the documented SSP shoul

		Company/Organization (Operator) ---Mission Director Position Program/Mission Assurance Safety OfficialPosition *This individual can be used as an FAA Liaison. System SafetyEngineering Ground Operations Safety Engineers/ Personnel Flight OperationsSafety Engineers/ Personnel Independent monitor of safety policy, safety procedure, and licensing requirements compliance 

		Figure 3. Sample Safety Organization of § 450.103(a) 

		7.1 Required Personnel. At a minimum, two specific positions are required for each launch or reentry: a Mission Director and a Safety Official, in accordance with § 450.103(a)(1) and (2). The qualifications for these specific positions should also be documented. Lessons learned from previous mishaps have identified the importance of the independence of the Mission Director and Safety Official roles to ensure that the goal of safety is primary. 

		To achieve this independence, these must be different persons, as indicated by § 450.103(a). 

		8 

		8 



		7.1.1 . A Mission Director and Safety Official should be named and in place prior to the initiation of any licensed activity. The same persons may be used for multiple launch or reentry sites. However, it may be difficult for a single individual to serve as a Safety Official for multiple sites if launch or reentry activities were to occur close in time to 

		Personnel Assignment



		each other. In those instances, multiple persons may be chosen. Table 1 of this AC provides an example format for identification of safety organization personnel. 

		Table 1 – Example Safety Organization Personnel Table for an Operation 

		POSITION 

		POSITION 

		POSITION 

		NAME 

		COMPANY & JOB TITLE 

		CONTACT INFORMATION 



		Mission Director 

		Mission Director 

		-

		-

		-



		Safety Official 

		Safety Official 

		-

		-

		-





		Note: This table should be expanded to include other directors, officials, and personnel, as necessary. 

		7.1.2 . The Mission Director is responsible for the safe conduct of all licensed activities and authorized to provide final approval to proceed with licensed activities, in accordance with § 450.103(a)(1). This includes ensuring that all of the Safety Official’s concerns 

		Mission Director



		are addressed, per § 450.103(a)(3). The organization should make this responsibility clear to the Mission Director. 

		7.1.3 . The Safety Official is required to have direct access to the Mission Director. The Safety Official is responsible for communicating potential safety and noncompliance issues to the Mission Director, in accordance with § 450.103(a)(2)(i). The Safety Official is authorized to examine all aspects of the ground and flight safety operations, and independently monitor compliance with safety policies, safety procedures, and licensing requirements, in accordance with § 450.103(a)(2)(ii). Thus, it is the res

		Safety Official



		organization should make this responsibility clear to the Safety Official for each operation. 

		9 
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		7.2 Addressing Concerns of the Safety Official. In accordance with § 450.103(a)(3), the Mission Director must ensure that all of the Safety Official’s concerns are addressed. The documented SSP should contain a defined process for communication of the concerns of the Safety Official to the Mission Director and verification that they have been addressed. A meeting prior to the commencement of preparations for a licensed activity, such as a Launch Readiness Review, should be held. Minutes of the meeting shoul

		witnesses. Additional specific requirements for communications during the countdown and flight are listed in § 450.157. 

		10 

		8 HAZARD MANAGEMENT. 

		8.1 System Assessment Methods. In accordance with § 450.103(b)(1), methods must be implemented to assess the system to ensure the validity of the hazard control strategy determination and any flight hazard or FSA throughout the lifecycle of the launch or reentry system. As such, the documented SSP should establish the process by which: public safety hazards are systematically identified, defined, and mitigated with verification; and hazard control 

		strategies and safety analyses are validated and managed to ensure continual validity throughout the lifecycle of a launch or reentry system. 

		8.1.1 . The system safety approach of a functional hazard analysis must be performed for all Part 450 license applications in accordance with § 450.107(b), Hazard control strategies. The functional hazard analysis should inform and ensure the validity of the hazard control strategy determination, the FSA, and the FHA, by accounting for all functional failures associated with reasonably foreseeable hazardous events that have the capability to create a hazard to the public. The functional hazard analysis shou

		Functional Hazard Analysis



		mitigate the hazard at the system and mission level to the associated verification evidence for the hazard control strategy for each phase of flight. 

		8.1.2 . "Reasonably foreseeable" is not associated with a probability or likelihood, but is inherent to a methodical assessment of the entire system. It is expected that "reasonably foreseeable hazardous events" are those identifiable through the system safety process, beyond those that could be determined solely by “brainstorming.” The functional hazard analysis is the system safety analysis tool used to analyze system functions associated with the proposed operation (mission). The functional hazard analys

		Reasonably Foreseeable



		respective functional sources (i.e. subsystem functional failures) should not consider any foreseeable mitigation or predetermined hazard control strategy. 

		11 

		8.1.3 . The system safety approach of an FHA may be determined as a hazard control strategy per § 450.107(a), or required, per § 450.107(c). If used, the documented SSP should: define the methodology and the process for ensuring continued validity, in accordance with §§ 450.103(b)(1) and 450.109, and a process for tracking hazards, risks, mitigation 

		Flight Hazard Analysis



		measures, and verification activities, in accordance with § 450.103 (b)(3). The operator may also elect to use the guidance of AC 450.109-1, Flight Hazard Analysis. 

		8.1.4 . An FSA must be performed and documented in accordance with §§ 450.113 through 

		Flight Safety Analysis



		450.139. This includes risks from debris, toxics, explosions, and far-field overpressure effects. The documented SSP should ensure the validity of this analysis, with appropriate methodology in place to achieve these requirements. 

		8.2 Managing Updates. The documented SSP should define the tools and processes used to ensure that safety analysis data is effectively communicated, required actions and necessary updates are efficiently implemented, and safety information is thoroughly organized and maintained. In accordance with § 450.103(b)(2), the system safety organization ensures communication and implementation of any updates throughout the organization. This section includes aspects of the system safety organization that can be used

		roles and responsibilities, defined interfaces through the organization, and active management oversight. 

		8.2.1 . Diagrams or organizational charts, such as Figure 4 of this AC, should be utilized to 

		Organizational Structure



		show the system safety organization with functional relationships and lines of communication within the program. 
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		Managing Authority Program ManagerProduct Assurance System SafetyManager System Engineering Manager Manufacturing Manager Procurement Manager Electrical Design Mechanical Design R&M Software Design ---Note: The System Safety Manager is a staff function to the Program Manager, with access to all lines of upper management included within the Managing Authority. 

		Figure 4. Sample System Safety Organization 

		8.2.2 . 

		Integration



		The documented SSP should provide clarity about how the different parts of the organization interface with each other. Specifically, it should: 

		 Define the interfaces with functional organizations and other involved disciplines, to include: 

		o Program management, systems engineering, design engineering (system, subsystems, interfaces), test engineering, software engineering, system operations development, ground operations development, reliability engineering, human system integration, logistics and sustainment engineering, quality engineering, subcontractor management, and others, as applicable. 

		 Define interfaces with other applicable safety disciplines, such as software safety, range safety, nuclear safety, explosive and ordnance safety, chemical and biological safety, occupational safety and health, laser safety, etc. 

		 Define the procedures for integrating and coordinating the system safety effort, including: definition of system safety requirements within design specifications and operations documents; dissemination of system safety requirements to relevant organizations and contractors; support to program and design reviews and trade studies; support to engineering and software change reviews; status reporting of system safety efforts; and institution of system safety groups. 

		 Define expected criteria for interaction with CM processes, software development processes, data management processes, system and design engineering processes, etc. The interfaces and criteria should include requirements, data exchange, and communications. 

		 Describe tools used to convey system safety information such as hazard tracking systems or internal workflow systems. 

		13 

		8.2.3 . An effective plan also includes oversight and tracking, so the documented SSP should: 

		Oversight



		 Define the management of contractor’s and subcontractor’s system safety efforts that have been procured, to include integration of contractor system safety analyses and data. 

		 Identify when formal approval action of safety documentation is required, by whom, and how that approval is documented. 

		 Define the process by which management decisions will be made, including timely notification of unacceptable risks, necessary action, mishaps, anomalies, waivers to system safety requirements, and program deviations. 

		8.3 Tracking of FHA Data. In accordance with § 450.103(b)(3), operators that are required to conduct an FHA must implement a process for tracking hazards, risks, mitigation measures, and verification activities. Section 450.109 contains detailed requirements for performing an FHA, and FAA provides additional guidance in AC 450.109-1, Flight Hazard Analysis. Data tracking is essential for a sound and continually valid FHA. The documented SSP should define the process and mechanism for identifying, detailing,

		analyzing, and retaining the FHA data. Examples of mechanisms are hazard reports, a hazard database, systems engineering management tools, etc. 

		8.3.1 . As discussed in AC 450.109-1, Flight Hazard Analysis, traceability methods should be 

		Traceability



		established for all relevant system safety requirements and analyses. For the FHA, traceability should be demonstrated from: 

		1. 

		1. 

		1. 

		Subsystem and component functional failures to their causes and respective mitigations and adequate verification evidence; 



		2. 

		2. 

		Subsystem and component functional failures to respective system safety hazards to the public at the system and mission level; 



		3. 

		3. 

		Subsystem and component level risk assessment to system and mission level risk assessment; and 



		4. 

		4. 

		System safety hazards to the public at the system and mission level to their respective mitigations and adequate verification evidence. 
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		9 CONFIGURATION MANAGEMENT AND CONTROL. 

		9.1 Standards for configuration management and control can be found in MIL–HDBK–61. The documented SSP must track the configuration of all safety critical systems and documentation, per § 450.103(c)(1). The documented SSP should define a CM process for documenting and tracking configurations of all safety-critical systems. Of course, a key step is identification of those systems which are safety-critical. Safety-critical systems must be identified and documented via the functional hazard analysis in accorda

		9.2 The CM process should: ensure the use of correct and appropriate versions of all systems and documentation, in accordance with § 450.103(c)(2); and document the configurations and versions identified via § 450.103(c)(2) for each licensed activity, in accordance with § 450.103(c)(3). The FAA encourages the use of automated, internal workflow systems to accomplish this task. The process defined in the documented SSP should include lifecycle change, modification, and redesign activity. The documented SSP s

		10 POST-FLIGHT DATA REVIEW. 

		An operator is required to employ a process for evaluating post-flight data, in 

		accordance with § 450.103(d). Review of post-flight data provides valuable safety 

		information on future operations. The documented SSP should define the process for 

		post-flight data review in sufficient detail to allow the FAA to evaluate and audit the 

		process for compliance. 

		10.1 Data Collection. Post-flight data should be formally collected, reviewed, and recorded. The data should 

		be utilized to identify trends, in the context of previous flights, and gauge effectiveness of corrective actions. 

		10.2 Analysis Consistency. An operator must employ a process for evaluating post-flight data to ensure consistency between the assumptions used for the hazard control strategy determination, any flight hazard or flight safety analyses, and associated mitigation and hazard control measures, per § 450.103(d)(1). If the flight data indicates an incorrect assumption, the hazard management approach should be reassessed for any necessary modifications, and the inconsistency must be resolved prior to the next flig

		the public, additional mitigation measures may be required. The updated analyses should be used for future flights of the system. 

		15 

		Note: Flight abort events are typically rare, so verifying the success of a flight abort strategy will rarely be possible. However, post-flight data reviews of other aspects of flight abort may frequently be possible, such as verifying that vehicle data required to evaluate flight abort rules is available to the FSS under all reasonably foreseeable conditions during normal and malfunctioning flight, and that FSS environments did not exceed qualification levels. 

		10.3 Anomaly Reporting and Investigation. An operator must employ a process for identifying and addressing (prior to the next flight) any anomaly that may impact any FHA, FSA, or safety-critical system, or is otherwise material to public safety, per §§ 450.103(d)(3) and 450.103(d)(4). Anomaly reporting and investigation is essential for ensuring continually valid system assessment. The documented SSP should define system safety involvement in the anomaly reporting, investigation, and resolution process. Thi

		mishap, as defined in § 401.7, additional requirements apply, per § 450.173 (see also AC 450.173-1, Mishap Reporting, Response, and Investigation). 

		10.4 Reporting to FAA. In accordance with § 450.215, a licensee must submit, among other things, information on any anomaly that occurred during countdown or flight that is material to public health and safety and the safety of property, along with any corrective action implemented or to be implemented after the flight due to an anomaly or mishap. A 

		summary of the flight anomaly, the closure strategy, and acceptance rationale should be documented and provided to the FAA for review. 

		16 

		11 APPLICATION REQUIREMENTS. In accordance with § 450.103(e), the following must be submitted: (1) a description of the applicant’s safety organization, identification of the applicant’s lines of communication and approval authority, both internally and externally, for all public safety decisions and the provision of public safety services; and (2) a summary of the processes and products identified in the system safety program requirements in §§ 450.103(b), (c), and (d). 

		11.1 Safety Organization. The documentation of the safety organization should address the specific requirements 

		of chapter 7 of this document and identify lines of communication discussed in paragraph 8.2 of this document. 

		11.2 Summary of Processes and Products. The submission could take the form of one comprehensive document or an identified set of documents that together demonstrate compliance with the application requirements of this chapter. The overall SSP documentation will typically also include the processes and products required for the functional hazard analysis per § 450.107(b), FHA (if performed) per § 450.109, safety-critical software and systems per §§ 450.141 and 143, and ground safety per §§ 450.179, 181, 183,

		example compliance table that may be provided, along with the identified documentation, to demonstrate compliance with the requirements of § 450.103. 
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		Table 2 – Example of a Compliance Table 

		§ 450.103 

		§ 450.103 

		§ 450.103 

		DOCUMENT 

		EVIDENCE 



		(a)(1) &(2) 

		(a)(1) &(2) 

		Site Safety Doc TBD 

		TBD 



		(a)(3) 

		(a)(3) 

		Site Safety Doc TBD 

		TBD 



		TR

		Flight Review Process Doc TBD 

		TBD 



		(b)(1) & (2) 

		(b)(1) & (2) 

		System Safety Program Doc TBD 

		TBD 



		TR

		Software Development Doc TBD 

		TBD 



		System Engineering Management Doc TBD 

		System Engineering Management Doc TBD 

		TBD 



		(b)(3) 

		(b)(3) 

		System Safety Program Doc TBD 

		TBD 



		TR

		Flight Hazard Analysis Doc TBD 

		TBD 



		(c)(1) -(3) 

		(c)(1) -(3) 

		Configuration Management Doc TBD 

		TBD 



		TR

		Flight Review Process Doc TBD 

		TBD 



		Flight System Configuration Doc TBD 

		Flight System Configuration Doc TBD 

		TBD 



		(d)(1) -(4) 

		(d)(1) -(4) 

		System Safety Program Doc TBD 

		TBD 



		TR

		System Engineering Management Doc TBD 

		TBD 



		Flight Review Process Doc TBD 

		Flight Review Process Doc TBD 

		TBD 



		Post-Flight Review Doc TBD 

		Post-Flight Review Doc TBD 

		TBD 
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		Figure

		Key Aspects of a Sound System Safety Plan 

		A.1 SYSTEM SAFETY RISK ASSESSMENT. The system safety risk assessment can be utilized for flight safety and ground safety. The system safety risk assessment is generally qualitative; however, there are instances when quantitative demonstration may be possible or necessary. For flight safety, it is meant to augment the quantitative risk calculated by the FSA and inform the development and refinement of applicable mitigations. An operator must assess each hazard’s likelihood and severity, per §§ 450.185(b) and

		System Safety. The following guidance on severity categories (Table 3 of this AC) and likelihood levels (Table 4 ) may be utilized to assess system safety risk to the public. 

		Table 3 – Severity Categories 

		DESCRIPTION 

		DESCRIPTION 

		DESCRIPTION 

		CATEGORY 

		CONSEQUENCE DEFINITION 



		Catastrophic 

		Catastrophic 

		I 

		Could result in one or more of: fatality or serious injury (as defined in 49 C.F.R. § 830.2) to the public or loss of safety-critical system. 



		Critical 

		Critical 

		II 

		Applicant should define consequences in regards to: injury to the public; property damage to the public; safety-critical system damage or reduced capability; reduction in safety margins; or increase in crew workload. 



		Marginal

		Marginal

		 III 



		Negligible 

		Negligible 

		IV 
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		Table 4 – Likelihood Levels 

		DESCRIPTION 

		DESCRIPTION 

		DESCRIPTION 

		LEVEL 

		LIKELIHOOD CRITERIA 



		Frequent 

		Frequent 

		A 

		Likely to occur often in the life of an item, with a likelihood of occurrence greater than 10-2 in any one mission. 



		Probable 

		Probable 

		B 

		Will occur several times in the life of an item, with a likelihood of occurrence less than 10-2 but greater than 10-3 in any one mission. 



		Occasional 

		Occasional 

		C 

		Likely to occur sometime in the life of an item, with a likelihood of occurrence less than 10-3 but greater than 10-5 in any one mission. 



		Remote 

		Remote 

		D 

		Unlikely but possible to occur in the life of an item, with a likelihood of occurrence less than 10-5 but greater than 10-6 in any one mission. 



		Extremely Remote 

		Extremely Remote 

		E 

		So unlikely, it can be assumed occurrence may not be experienced, with a likelihood of occurrence less than 10-6 in any one mission. 



		Eliminated 

		Eliminated 

		F 

		Incapable of occurrence. Potential hazard is identified and later eliminated. 





		A.2 SYSTEM SAFETY REQUIREMENTS. Identification and implementation of system safety requirements within the systems 

		engineering process ensures the effectiveness and validity of system assessments. The systems engineering process should be outlined for: 

		 Safety design requirements for which objectives are to mitigate system hazards through a systematic application of design guidance from standards, specifications, regulations, design handbooks, safety design checklists, and other sources. Safety design requirements should be included in the system specification and expanded for inclusion in the associated lower level specifications. 

		 Safety operational requirements should be included in procedures, test, and inspection documentation, applicable rules or commit criteria, operational clear areas, etc. 

		A-20 

		A.3 INTEGRATED SCHEDULE. The system safety schedule ensures effectiveness of the system assessment throughout the lifecycle of the program. The documented SSP should detail the system safety activities and milestones within the overall program schedule, including product or task start and completion dates, reports, reviews, and safety milestones. Typically, the milestones of the system safety program coincide with the license process, program reviews, and other contract milestones. Thus, the schedule should

		engineering activities for which system safety efforts are integrated (e.g., technical reviews, program reviews, design/analysis/test activities, etc.). 

		A.3.1 Integration within Program Activities. To be effective, the system safety activities of any program should be integrated into other program activities. To be efficient, each system safety task should be carefully scheduled to have the most positive effect. A system safety analysis performed early in the design process can lead to the inexpensive elimination of a hazard through design changes. The later the hazard is identified in the design cycle, the more expensive and difficult the change. Hazards i

		procedural and training steps but having to do so, when they could have been prevented, reflects unnecessary long-term costs and risk. 

		A.3.2 Specific Milestones. Updates to the schedule and product deliveries in the plan should occur when license 

		processing, contract, or system design changes are implemented. An operator should identify any interdependencies for the safety tasks and artifacts. 

		A.4 MANAGEMENT OF LIFECYCLE RISK. Management of lifecycle risks is essential for ensuring the continued validity of safety analyses. Impacts to risk due to design or operational changes are typically managed by change impact analysis. The impact should be determined for any changes to the design configuration or operation of a safety-critical system. The current hazard management approach and hazard control strategy should be reassessed with respect to the change, 

		and updated appropriately. Impacts to risk due to reuse of systems, subsystems, or components are typically managed by a reusability approach. 

		A.5 SYSTEM SAFETY DATA HANDLING. Data tracking is essential for sound and continually valid system assessment. The documented SSP should define the process for identifying, detailing, tracking, collecting, analyzing, and retaining system safety data. Examples of this data include test documentation and data, hazard reports, procedures, lessons learned, contractor 

		deliverables, post-flight documentation, anomaly reports, and pertinent historical hazard or mishap data. 
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		A.6 CONSIDERATION OF ADDITIONAL SYSTEM SAFETY-RELATED TASKS. A complete system safety effort should consider and integrate tasks and activities usually performed by other organizations or disciplines, including associate contractors, 

		to ensure sound and continually valid safety analyses. Table 5 of this AC lists some of the tasks and activities most directly associated with system safety. 

		Table 5 – Additional System Safety-Related Tasks 

		TASK 

		TASK 

		TASK 

		DESCRIPTION 



		Operations & Maintenance 

		Operations & Maintenance 

		Processes identified by system safety analyses that are required to ensure public safety during ground operations and each flight of the vehicle. These operations and maintenance processes should align with FAA requirements and guidance. 



		Training 

		Training 

		Techniques and procedures to be used for ensuring that the objectives and requirements of the SSP are met in the training of responsible personnel. 



		Reliability 

		Reliability 

		Reliability predictions and analysis, failure modes and effects analysis, and reliability testing and demonstration. Results of these activities are used to complement and ensure completeness of safety analyses, as well as identify and resolve reliability issues on safety-critical systems. 



		Quality Engineering and Assurance 

		Quality Engineering and Assurance 

		 Calibration  Quality data collection  Configuration assurance  Software testing and  Corrective action acceptance identification and reporting  Supplier selection, quality  Hardware acceptance surveillance, and audits  Material, nonconformance,  System safety acceptance and process reviews  Test assurance  Metrology  Vehicle acceptance  Production quality  Validation and Verification performance and evaluation  Quality assurance Program management and engineering Results of these activities are used to com
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		OMB Control Number: 2120-0746 (Expiration Date: 08/31/2023) 

		Advisory Circular Feedback Form 

		Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid OMB Control Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for this collection of information is estimated to be

		If you find an error in this AC, have recommendations for improving it, or have suggestions for new items/subjects to be added, you may let us know by (1) emailing this form to , or (2) faxing it to (202) 267-5450. 

		ASTApplications@faa.gov

		ASTApplications@faa.gov





		Subject: (insert AC title/number here) Date: Click here to enter text. 

		Please check all appropriate line items: 

		 An error (procedural or typographical) has been noted in paragraph Click here to enter text. on page Click here to enter text.. 

		 Recommend paragraph Click here to enter text. on page Click here to enter text. be changed as follows: 

		Click here to enter text. 

		 In a future change to this AC, please cover the following subject: 

		(Briefly describe what you want added.) 

		Click here to enter text. 

		 Other comments: 

		Click here to enter text. 

		 I would like to discuss the above. Please contact me. 

		Submitted by: Date: 

		FAA Form 1320-73 (06-2020) 
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1 PURPOSE. 


1.1 This Advisory Circular (AC) provides guidance for an applicant to determine its hazard 


control strategy or strategies in accordance with Title 14 of the Code of Federal 


Regulations (14 CFR) § 450.107(b). In accordance with § 450.107(b), the hazard 


control strategies must account for all functional failures associated with reasonably 


foreseeable hazardous events that have the capability to create a hazard to the public; 


safety-critical systems; and the timeline of all safety-critical events during a launch or 


reentry. This AC does not constitute a regulation and does not contain requirements, but 


is intended to assist prospective applicants in obtaining commercial space authorizations 


and operating in compliance with commercial space regulations. 


1.2 For each phase of flight during a launch or reentry, an operator must use a functional 


hazard analysis to determine the hazard control strategy or strategies it will elect to use 


in accordance with § 450.107(b). This AC provides guidance on how to choose a hazard 


control strategy based on the functional hazard analysis and other sections of part 450. 


An applicant must submit a description of its hazard control strategy or strategies for 


each phase of flight and the results of its hazard strategy determination in its application 


in accordance with § 450.107(d). 


1.3 Level of Imperatives. 


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. Throughout this document, the word “must” 


characterizes statements that directly flow from regulatory text and therefore reflect 


regulatory mandates. The word “should” describes a requirement if electing to use this 


means of compliance; variation from these requirements is possible, but must be 


justified and approved as an alternative means of compliance. The word “may” 


describes variations or alternatives allowed within the accepted means of compliance 


set forth in this AC. In general, these alternative approaches can be used only under 


certain situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 


required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 


a launch or reentry vehicle operator license, a licensed operator seeking to renew or 


modify an existing vehicle operator license, and FAA commercial space transportation 


evaluators. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right, and will not be relied upon by the FAA 


as a separate basis for affirmative enforcement action or other administrative penalty. 


Conformity with this guidance document (as distinct from existing statutes and 


regulations) is voluntary only, and nonconformity will not affect rights and obligations 
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under existing statutes and regulations. This AC describes acceptable means, but not the 


only means, for demonstrating compliance with the applicable regulations. 


2.3 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 


3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related Statute. 


51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related Regulations. 


The following regulations from title 14 of the CFR must be accounted for when 


showing compliance with 14 CFR 450.107. The full text of these regulations can be 


downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 


ordered from the Government Printing Office, Superintendent of Documents, Attn: New 


Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 


 Section 450.101, Safety criteria. 


 Section 450.103, System safety program. 


 Section 450.107, Hazard control strategies. 


 Section 450.108, Flight abort. 


 Section 450.109, Flight hazard analysis. 


 Section 450.110, Physical containment. 


 Section 450.111, Wind weighting. 


 Section 450.113, Flight safety analysis requirements—scope. 


 Section 450.115, Flight safety analysis methods. 


 Section 450.133, Flight hazard area analysis. 


 Section 450.141, Computing systems. 


 Section 450.143, Safety-critical system design, test, and documentation. 


 Section 450.145, Highly reliable flight safety system. 


 Section 450.211, Continuing accuracy of license application; application for 


modification of license. 


  



http://www.ecfr.gov/
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3.3 Related FAA Advisory Circulars. 


FAA Advisory Circulars (are available through the FAA website, http://www.faa.gov). 


 AC 450.101-1, High Consequence Event Protection, dated June, 2021. 


 AC 450.109-1, Flight Hazard Analysis, when published. 


 AC 450.141-1, Computing Systems and Software, dated August, 2021. 


 AC 450.143-1, Safety-Critical System Design, Test, and Documentation, when 


published. 


3.4 Government Guidance Documents. 


 MIL-STD-882E, Department of Defense Standard Practice, System Safety, dated 


May 11, 2012, https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027. 


Note:  The documents referenced in this section refer to the current regulatory 


authorities’ accepted revisions. 


  



http://www.faa.gov/

https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027
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4 DEFINITION OF TERMS. 


For this AC, the terms and definitions from § 401.7, and this list, apply: 


4.1 System Safety Hazard 


A real or potential condition that could lead to an unplanned event or series of events 


resulting in: unintentional death, injury, or occupational illness; damage to or loss of 


equipment or property; or damage to the environment.  


5 ACRONYMS. 


AC – Advisory Circular 


BATT – Battery 


CFR – Code of Federal Regulations 


DL – Discrete Logic 


DT&D – Design, Test, and Documentation 


ENG – Engine 


FAA – Federal Aviation Administration 


FMF – Free Molecular Flow 


FW – Firmware 


FSA – Flight Safety Analysis 


FSS – Flight Safety System 


HW – Hardware 


SW – Software 


TBD – To be determined 


OMB – Office of Management and Budget 


SRM – Solid Rocket Motor 


6 OVERVIEW. 


6.1 Hazard Control Strategies. 


One or more of the hazard control strategies defined in §§ 450.108 through 450.111 


must be used to meet the safety criteria in accordance with § 450.101(a), (b), or (c). 


Different hazard control strategies may be utilized during any one phase of flight 


because a different strategy may be more appropriate for one phase of a flight or to 


protect different sets of people and property. The hazard control strategies are flight 


abort, flight hazard analysis, physical containment, and wind weighting. The 


appropriate hazard control strategy is determined by conducting a functional hazard 


analysis. 
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6.1.1 Use of Flight Abort as a Hazard Control Strategy. 


Flight abort is the traditional safety approach for expendable launch vehicles. It is a 


process to limit or restrict the hazards to public safety and the safety of property 


presented by a launch vehicle or reentry vehicle, including any payload, while in flight 


by initiating and accomplishing a controlled ending to vehicle flight. With the exception 


of phases of flight where the launch or reentry vehicle has sufficient demonstrated 


reliability, flight abort is required as a hazard control strategy if the potential for a high 


consequence event is above a certain threshold in accordance with § 450.101(c). 


6.1.2 Use of Flight Hazard Analysis as a Hazard Control Strategy. 


Flight hazard analysis is the traditional safety approach for reusable launch vehicles, 


and is the most flexible hazard control strategy because it allows for deriving specific 


hazard controls unique to the launch or reentry vehicle system and operations concept. 


Flight hazard analysis may be utilized as a hazard control strategy, but is mandated by 


§ 450.107(c) if the hazards to the public cannot be mitigated adequately to meet the 


safety criteria of § 450.101(a), (b), and (c) using physical containment, wind weighting, 


or flight abort. 


6.1.3 Use of Physical Containment as a Hazard Control Strategy. 


Physical containment is used for low energy test flights when a launch vehicle does not 


have sufficient energy for any hazards associated with its flight to reach the public or 


critical assets. 


6.1.3.1 Per § 450.110(b)(1), to use physical containment as a hazard control 


strategy, a flight hazard area must be developed in accordance with 


§ 450.133. 


6.1.3.2 The operator must ensure that the launch vehicle does not have sufficient 


energy for any hazards associated with its flight to reach outside the flight 


hazard area in accordance with § 450.110(b)(2). 


6.1.3.3 The hazard area should be clear of the public and critical asset in 


accordance with § 450.110(b)(3). 


6.1.3.4 An operator must apply other mitigation measures necessary to ensure no 


public or critical asset exposure to hazards, via methods such as control of 


public access or wind placards in accordance with § 450.110(b)(4). 


6.1.4 Use of Wind Weighting as a Hazard Control Strategy. 


Wind weighting is traditionally used in the launch of unguided suborbital launch 


vehicles, otherwise known as sounding rockets, where launcher azimuth and elevation 


settings are adjusted to correct for the effects of wind conditions at the time of flight to 


provide a safe impact location for the launch vehicle or its components. 
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6.2 Using a Functional Hazard Analysis for Hazard Control Strategy Determination. 


Section 450.107(b) requires an operator to use a functional hazard analysis to determine 


the hazard control strategy or strategies for each phase of flight during a launch or 


reentry that account for (1) all functional failures associated with reasonably foreseeable 


hazardous events that have the capability to create a hazard to the public, (2) safety-


critical systems, and (3) a timeline of all safety-critical events. 


6.2.1 Overview of Functional Hazard Analysis. 


A functional hazard analysis is a critical element for ensuring public safety during 


flight. At a foundational level, the analysis provides a holistic, systematic approach to 


identifying potential hazards. Second, the analysis supports the validation of adequacy 


for determined hazard control strategies. Third, the analysis supports a justification for 


use of historical flight outcome data in the probability of failure analysis. Development 


of prior launch and reentry vehicles has included a structured system safety process, and 


thus this foundational system safety analysis is one necessary element in defining 


similar vehicles in accordance with § 450.131, Probability of Failure Analysis. Fourth, 


it provides a basis for developing quantitative models of debris, in accordance with 


§ 450.121, and malfunction trajectories, in accordance with § 450.119. Fifth, the 


analysis is a basis for a flight hazard analysis if that hazard control strategy is used. 


6.2.2 Determining which Hazard Control Strategy to Use. 


There are two constraints to hazard control strategy determination for any phase of 


flight. First, § 450.107(c) requires a flight hazard analysis to be conducted in 


accordance with § 450.109, if the public safety hazards cannot be mitigated adequately 


to meet the public risk criteria of § 450.101(a), (b), and (c) using physical containment, 


wind weighting, or flight abort. Second, in accordance with § 450.101(c), if the 


consequence of any reasonably foreseeable failure mode, in any significant period of 


flight, is greater than 1 × 10-3 conditional expected casualties, then flight abort must be 


used as a hazard control strategy in accordance with the requirements of § 450.108, or 


the launch or reentry vehicle must have sufficient demonstrated reliability as agreed to 


by the FAA Administrator based on conditional expected casualties during that phase of 


flight. AC 450.101-1, High Consequence Event Protection, provides additional 


guidance on conditional expected casualty. 


6.2.3 Hazard Control Strategy Determination Logic. 


The approach to determining and validating hazard control strategies is a process, which 


is iterative, as illustrated in Figure 1 of this AC. The functional hazard analysis is 


utilized to ensure that all potential hazards to the public have a determined hazard 


control strategy. Generally, the applicant will determine a hazard control strategy based 


on engineering and program considerations. If the hazards to the public are potentially 


mitigated, then the selected strategies are developed, and the supporting data is used as 


general input for the flight safety analysis. If adequate mitigation is not validated by 


supporting data, then the hazard control strategy should be revisited. If validation is 


successful, then the flight safety analysis is used to demonstrate whether the safety 


criteria are satisfied. If the safety criteria cannot be met, then additional hazard controls 


must be implemented, in accordance with 450.107(c). 
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Figure 1. Flow of Hazard Control Strategy Determination 


6.2.4 Application Requirements. 


In its application, in accordance with § 450.107(d), an applicant must submit the results 


of the hazard control strategy determination and a description of strategies for each 


phase of flight in its application. 
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7 HAZARD CONTROL STRATEGY DETERMINATION. 


7.1 Functional Hazard Analysis. 


7.1.1 Section 450.107(b) requires the use of a functional hazard analysis for each phase of 


flight during a launch or reentry to determine a hazard control strategy or strategies. In 


accordance with §§ 450.107(b)(1) through (3), the hazard control strategies must 


account for all functional failures associated with reasonably foreseeable hazardous 


events that have the capability to create a hazard to the public, safety-critical systems, 


and a timeline of all safety-critical events. The functional hazard analysis should be 


completed as early as possible in the launch or reentry system’s lifecycle. 


Note: The term “reasonably foreseeable” is not associated with probability or 


likelihood, but is inherent to a methodical assessment of the entire system. “Reasonably 


foreseeable hazardous events” are those identifiable through the system safety process, 


beyond those that could be determined solely by “brainstorming.” Thus, a functional 


hazard analysis is required by §450.107(b). 


7.1.2 A functional hazard analysis is used to analyze system functions associated with the 


proposed operation (mission). The functional hazard analysis is primarily used to 


identify and classify the overall system functions and consequences of functional failure 


or malfunction. The objective is to identify all potential system, subsystem, and 


component functional failures that could impact public safety. Any foreseeable 


mitigations or predetermined hazard control strategies should not affect the 


identification of potential system safety hazards and respective functional sources (i.e. 


subsystem functional failures). 


7.1.3 Prior to performing a functional hazard analysis, an operator should have sufficient 


understanding of the mission. Subsequently, the functional hazard analysis, at a 


minimum, should provide the following:1 


a. A decomposition of the overall system to its next-level systems and related 


subsystems to the major component level. Further decomposition may be 


necessary if relevant to public safety. 


Note:  The FAA expects the depth of system decomposition within the 


functional hazard analysis to be variable depending on the level necessary to 


adequately discern and mitigate impacts to public safety. For example, the FAA 


may accept a decomposition of a “system – avionics – main computer” that may 


not need to go any further if all related impacts to public safety are confined, 


and all potential failure mitigations are applied, at that level. Alternatively, 


lower level mitigations such as an electronic circuit mitigation would require 


decomposition down to “system – avionics – main computer – circuit board 


assembly,” to demonstrate hazard mitigation at the appropriate level of the 


system. The level of detail and completeness of the analysis should be 


comparable to or better than the system safety analyses performed during 


                                                 


1 This list adapts the guidance of MIL-STD-882E. 
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development of the vehicles used as similar vehicles in the probability of failure 


assessment (§ 450.131). 


b. A functional description of each next-level system, subsystem, and component 


identified, to include interfaces between subsystems and components. 


c. A designation of the implementation method for each function (e.g., hardware, 


software, etc.). 


d. Identification of phases of system operation (e.g., captive carry, rocket-powered 


flight, landing). 


e. Identification of failure modes, to include at a minimum: 


i. Failure to function; 


ii. Functions early or late; 


iii. Functions out-of-sequence or time; 


iv. Functions inadvertently; or 


v. Degrade function or malfunction. 


f. Assessment of the “end-effect” resulting from failure of each function during 


each phase under each failure mode, excluding mitigation. Assessment should 


be based on the best available data, including mishap data (if obtainable) from 


similar systems and other lessons learned. 


g. Assignment of functional failure identification to allow for traceability. 


h. Assessment of the severity associated with each failure end-effect. 


i. A level of rigor determination for logic-based functions based on severity of the 


failure “end-effect” and degree of control. 


j. Assessment of whether each failure end-effect poses a potential system or 


mission hazard to the public. 


Note: Grouping of different component or subsystem failures that may lead to 


the same end-effect allows for identification of potential hazards to the public 


for the overall system. 


k. Traceability between each functional failure and associated hazards during each 


phase of flight to respective hazard control strategies that should mitigate the 


hazard at the system and mission level, as per § 450.103(b)(1). 


Note: Appendix A of this AC provides a template for packaging the data above 


in an acceptable functional hazard analysis format. 
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7.2 Assistance of Flight Safety Analysis. 


7.2.1 The flight safety analysis (FSA) assists in understanding the end-effect of functional 


failures prior to mitigation. Thus, assistance from an initial FSA is important for 


identifying system and mission level hazards to the public from functional failures. 


7.2.2 Section 450.113(a) requires that an FSA be performed and documented for all phases of 


flight, except as specified in § 450.113(b) regarding demonstrated reliability. 


7.2.3 Section 450.115(a) requires the FSA method to account for all reasonably foreseeable 


events and failures of safety-critical systems during nominal and non-nominal launch or 


reentry that could jeopardize public safety. 


7.3 Primary Outputs of the Functional Hazard Analysis. 


7.3.1 Functional Failures and Safety-Critical Systems. 


In accordance with § 450.107(b), the functional hazard analysis accounts for: 


1. Identification of all functional failures associated with reasonably foreseeable 


hazardous events that have the capability to create a hazard to the public” (see 


paragraphs 7.1.3 ‘a’ thru ‘h’ of this AC). 


2. Identification of safety-critical systems (see paragraphs 7.1.3 ‘f, h, and j’ of this 


AC). By identifying each system carrying an assessed failure “end effect” resulting 


from failure of each system function during each phase under each failure mode, 


excluding mitigation, posing a potential system or mission hazard to the public. 


3. Timeline of safety-critical events (see paragraphs 7.1.3 ‘f, h, & j’ of this AC). By 


merging a given mission’s timeline of flight events with the assessment of whether 


each failure “end effect” resulting from failure of each function during each phase 


under each failure mode, excluding mitigation, poses a potential system or mission 


hazard to the public. 


8 POTENTIAL DETERMINATION SCENARIOS. 


Per § 450.107(b), a hazard control strategy must be determined for each potential 


hazard to the public identified by the functional hazard analysis. A different strategy or 


multiple strategies may be employed in a single phase of flight, sufficient to ensure the 


safety criteria of § 450.101(a), (b), and (c) are met. In accordance with § 450.107(d), 


application submittal must include the results of the hazard control strategy 


determination, including all functional failures, the identification of all safety-critical 


systems, and a timeline of all safety-critical events. A description of the hazard control 


strategy or strategies for each phase of flight must be provided. Although not all 


encompassing, the scenarios outlined in this section are potentially expected outcomes 


of determined hazard control strategies. 


Note: Per § 450.143(a), documenting compliance to § 450.143 must be performed for 


all safety-critical systems, except for: 


1. Highly reliable flight safety systems covered under § 450.145; or 
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2. Safety-critical systems for which an operator demonstrates through its flight hazard 


analysis that the likelihood of any hazardous condition specifically associated with 


the system that may cause death or serious injury to the public is extremely remote, 


pursuant to § 450.109(b)(3). 


Note: AC 450.103-1 provides guidance on “extremely remote” criteria. 


8.1 Flight Abort with Highly Reliable Flight Safety System (FSS). 


An FSS that meets the highly-reliable flight safety requirements specified in § 450.145 


may be utilized during any phase of flight. The flight abort strategy should adequately 


mitigate hazards to the public identified by the functional hazard analysis, during the 


specified phase of flight in which it is utilized. 


8.2 Flight Hazard Analysis with Flight Abort. 


An FSS that does not meet the highly-reliable flight safety requirements specified in 


§ 450.145 may be utilized during any phase of flight. If necessary, a combined hazard 


control strategy of flight abort and flight hazard analysis should identify all necessary 


mitigations and support documentation of compliance to § 450.143 for safety-critical 


systems. The combined flight abort and flight hazard analysis strategies should 


adequately mitigate hazards to the public identified by the functional hazard analysis, 


during the specified phase of flight in which they are utilized. 


8.3 Flight Hazard Analysis. 


 A flight hazard analysis may be utilized during any phase of flight. In accordance with 


§ 450.107(c), a flight hazard analysis must be conducted if the hazards to the public 


cannot be mitigated adequately to meet the safety criteria of § 450.101(a), (b), and (c) 


using physical containment, wind weighting, or flight abort. The flight hazard analysis 


strategy should identify all necessary mitigations and support documentation of 


compliance to § 450.143 for safety-critical systems. The flight hazard analysis strategy 


should adequately mitigate hazards to the public identified by the functional hazard 


analysis, during the specified phase of flight in which it is utilized. 


8.4 Physical Containment. 


The hazards to the public identified by the functional hazard analysis may be assessed 


as physically contained within an operating area during any phase of flight, without 


further decomposition of system mitigations via the flight hazard analysis. This mission 


level mitigation should be shown to contain all hazards. In such a scenario, the physical 


containment strategy should adequately mitigate hazards to the public as identified by 


the functional hazard analysis, during the specified phase of flight in which it is utilized. 


8.5 Wind Weighting. 


A wind weighting safety system compliant with § 450.111 may be utilized for missions 


involving an unguided suborbital launch vehicle. The wind weighting strategy should 


adequately mitigate hazards to the public identified by the functional hazard analysis. 
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9 HAZARD CONTROL STRATEGY VALIDATION. 


In accordance with § 450.107(a), the safety criteria of 450.101(a), (b), and (c) must be 


met by using hazard control strategies. In accordance with § 450.107(c), if an operator 


cannot adequately mitigate the public safety hazards to meet the public risk criteria of 


§ 450.101(a), (b), and (c) using physical containment, wind weighting, or flight abort, 


then the operator must conduct a flight hazard analysis in accordance with § 450.109. 


To demonstrate adequate mitigation of the public safety hazards using physical 


containment, wind weighting, or flight abort, an operator should demonstrate the 


following: 


(1) The hazard control strategy should mitigate system safety hazards to the public such 


that the likelihood of any hazardous condition that may cause death or serious injury to 


the public is extremely remote; 


(2) Hazards and hazard control strategies are characterized with fidelity commensurate 


with the flight safety analysis, per § 450.115(b), such that they are valid for use in 


debris data development (§ 450.121) and malfunction trajectory analysis (§ 450.119), 


and are consistent with the probability of failure analysis (§ 450.131); and 


(3) The flight safety analysis incorporating the hazard control strategy satisfies the 


safety criteria of § 450.101(a), (b), and (c). 


If an operator using the means of compliance in this AC is unable to demonstrate the 


three criteria above as applied to physical containment, wind weighting, or flight abort, 


then the operator would need to perform a flight hazard analysis or utilize another 


means of compliance to demonstrate the hazard control strategy adequately mitigates 


the hazard.  


9.1 Adequacy of Determined Hazard Control Strategy. 


Compliance data from the following items will support the validation of adequacy: 


9.1.1 Flight Safety Analysis. 


As discussed in paragraph 7.2 of this AC, assistance from the initial FSA is important 


for identifying system and mission hazards to the public. Additionally, FSA data assists 


in understanding the effectiveness of mitigations. Thus, the final FSA should inform the 


validation of any hazard control strategy for a phase of flight. 


9.1.2 Flight Hazard Analysis. 


Documenting compliance to § 450.109 for a flight hazard analysis produces data that 


should inform the validation of a flight hazard analysis strategy for each phase of flight 


in which it is used. Reference AC 450.109-1 for further guidance on flight hazard 


analyses. 


9.1.3 Computing Systems. 


Documenting compliance to § 450.141 for computing systems produces data that should 


inform the validation of a flight abort and flight hazard analysis strategy for each phase 


of flight in which it is used. Reference AC 450.141-1 for further guidance on computing 


systems and software safety. 
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9.1.4 Safety-Critical Systems Design, Test, and Documentation (DT&D). 


Documenting compliance to § 450.143 for safety-critical systems produces data that 


should inform the validation of a flight abort and flight hazard analysis strategy for each 


phase of flight in which it is used. Reference AC 450.143-1 for further guidance on 


safety-critical systems DT&D. 


9.1.5 Highly Reliable Flight Safety System (FSS). 


Documenting compliance to § 450.145 for a highly reliable FSS produces data that 


should inform the validation of a flight abort strategy for each phase of flight in which it 


is used. 


9.1.6 Wind Weighting Safety System DT&D. 


Documenting compliance to § 450.111 for a wind weighting safety system should 


produce data that validates the adequacy of a wind weighting strategy for each phase of 


flight in which it is used. 


10 CONTINUING ACCURACY OF LICENSE APPLICATION. 


The functional hazard analysis and adequacy of the determined hazard control strategy 


must be updated or re-validated as the system design and operation mature in 


accordance with § 450.211(a)(2). 
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Appendix A. System Safety Template for § 450.107 Functional Hazard Analysis. 
T


o
p


-L
e


v
e


l 
S


y
s


te
m


 [
T


B
D


] Next-Level 
System 


Subsystem  Component Function Implementation Function ID Phase Failure Mode Failure 
End 
Effect 


Functional 
Failure ID 
or NSI1 


Severity SW/FW/DL  
Level of 
Rigor2 


Potential 
Hazard to 
Public3 


Hazard 
Control 
Strategy4 


Launch 
Vehicle 
Stage 1 
[LVS1] 


Avionics System 
(AVI) 
 


Computer [COMP] Function 1 
 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-AVI-COMP-001 Launch 
 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 
Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 
Functions inadvertently  TBD TBD TBD TBD TBD TBD 
Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Flight 
 


Failure to function TBD TBD TBD TBD TBD TBD 
Functions early / late TBD TBD TBD TBD TBD TBD 
Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 
Functions inadvertently  TBD TBD TBD TBD TBD TBD 
Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Abort/Reentry 
 


Failure to function TBD TBD TBD TBD TBD TBD 
Functions early / late TBD TBD TBD TBD TBD TBD 
Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 
Functions inadvertently  TBD TBD TBD TBD TBD TBD 
Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Landing Failure to function TBD TBD TBD TBD TBD TBD 
Functions early / late TBD TBD TBD TBD TBD TBD 
Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 
Functions inadvertently  TBD TBD TBD TBD TBD TBD 
Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Function 2; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-AVI-COMP-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Battery [BATT]; 
and so on… 
 


Function 1 
 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-AVI-BATT-001 Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Function 2; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-AVI-BATT-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Propulsion System 
[PROP];  
  


Engine(s) [ENG];  
and so on… 


Function(s) TBD; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-PROP-ENG-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Control System 
[CONT]; 
 


Reaction Control 
System [RCS]; 
and so on… 


Function(s) TBD; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-CONT-RCS-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Flight Safety System 
[FSS]; 
and so on… 


Safe & Arm [S&A]; 
and so on… 


Function(s) TBD; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS1-FSS-S&A-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Launch 
Vehicle 
Stage 2 
[LVS2] 


Avionics System; 
Propulsion System;  
Control System;  
Flight Safety System; 
and so on… 


Component(s) TBD; 
and so on… 


Function(s) TBD; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


LVS2-TBD-TBD-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


Spacecraft/ 
Payload [S/P]; 
and so on… 
 


Avionics System; 
Propulsion System;  
Control System;  
and so on… 


Component(s) TBD; 
and so on… 


Function(s) TBD; 
and so on… 


Hardware (HW); 
Software (SW); 
Firmware (FW); 
Discrete Logic (DL) 


S/P-TBD-TBD-001; 
and so on… 


Launch; 
Flight; 
Abort/Reentry; 
Landing 


Failure to function TBD TBD TBD TBD TBD TBD 


Functions early / late TBD TBD TBD TBD TBD TBD 


Functions out-of-sequence / time TBD TBD TBD TBD TBD TBD 


Functions inadvertently  TBD TBD TBD TBD TBD TBD 


Degraded function or Malfunction TBD TBD TBD TBD TBD TBD 


NOTES: (1) NSI = No Safety Impact; (2) Level of Rigor [LOR] per MIL-STD-882, or Design Assurance Level [DAL] per DO-178, or other software safety method; (3) Identify potential hazard to the public at the system and mission level; (4) Per § 450.107 and guidance of AC 450.107-1    
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1 PURPOSE. 
This advisory circular (AC) provides guidance and a comprehensive method to 
demonstrate compliance with the requirements for the flight abort hazard control 
strategy in § 450.108, Flight Abort. Flight abort is one of the hazard control strategies 
identified in § 450.107. 


1.1 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. Throughout this document, the word “must” 
characterizes statements that directly flow from regulatory text and therefore reflect 
regulatory mandates. The word “should” describes a requirement if electing to use this 
means of compliance; variation from these requirements is possible, but must be 
justified and approved as an alternative means of compliance. The word “may” 
describes variations or alternatives allowed within the accepted means of compliance 
set forth in this AC. In general, these alternative approaches can be used only under 
certain situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 
a launch or reentry vehicle operator license, and a licensed operator seeking to renew or 
modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and will not be relied upon by the FAA 
as a separate basis for affirmative enforcement action or other administrative penalty. 
Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. This AC describes acceptable means, but not the 
only means, for demonstrating compliance with the applicable regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 


3.1 


3.2 


APPLICABLE REGULATIONS AND RELATED GUIDANCE DOCUMENTS. 


Related U.S.C. Statute. 


• 51 U.S.C. Subtitle V, Chapter 509. 


Related FAA Commercial Space Transportation Regulations. 
The following regulations from title 14 of the CFR must be accounted for when 
showing compliance with § 450.108. You can download the full text of these 
regulations from the U.S. Government Printing Office e-CFR or order a paper copy 
from the Government Printing Office, Superintendent of Documents, Attn: New Orders, 
PO Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 450.101, Safety Criteria. 


• Section 450.107, Hazard Control Strategies. 


• Section 450.113, Flight Safety Analysis Requirements. 


• Section 450.115, Flight Safety Analysis Methods. 


• Section 450.117, Trajectory Analysis for Normal Flight. 


• Section 450.119, Trajectory Analysis for Malfunction Flight. 


• Section 450.121, Debris Analysis. 


• Section 450.123, Population Exposure Analysis. 


• Section 450.131, Probability of Failure Analysis. 


• Section 450.135, Debris Risk Analysis. 


• Section 450.137, Far-field Overpressure Blast Effects. 


• Section 450.139, Toxic Hazards for Flight. 


• Section 450.143, Safety-Critical System Design, Test, and Documentation. 


• Section 450.145, Highly-Reliable Flight Safety System. 


3.3 Related FAA Advisory Circulars. 


• AC 450.101-1A, High Consequence Event Protection, Revision A, dated 
May 20, 2021. 


• AC 450.109-1, Flight Hazard Analysis, when published. 


• AC 450-113-1, Flight Safety Analysis: Levels of Fidelity, when published. 


• AC 450.115-1A, High Fidelity Flight Safety Analysis, Revision A, dated June 
24, 2021. 


• AC 450.115-2, Medium Fidelity Flight Safety Analysis, when published. 


• AC 450.117-1, Trajectory Analysis, when published. 


• AC 450.123-1, Population Exposure Analysis, when published. 
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• AC 450.131-1, Probability of Failure Analysis, when published. 


• AC 450.123-1, Far-field Overpressure Blast Effects Analysis, when published. 


• AC 450.139-1, Toxic Hazards for Flight, when published. 


• AC 450.143-1, Safety-Critical System Design, Test, and Documentation, when 
published. 


3.4 Documents Related to Subject AC. 


• Range Commanders Council (RCC) 319 Flight Termination Systems Commonality 
Standard, June 2019, https://www.wsmr.army.mil/RCCsite/Documents/319-
19_FTS_Commonality/319-19_FTS_Commonality.pdf. 


• Ricketson, Tom, P. D. Wilde, and E. Larson, Proposed Flight Abort Criteria to 
Ensure Public Safety during Commercial Launch and Reentry Operations, 10th 
International Association for the Advancement of Space Safety Conference, Los 
Angeles, California, May 2019. 


• Range Commanders Council (RCC) 321-20 Common Risk Criteria Standards For 
National Test Ranges, May 2020, 
https://www.wsmr.army.mil/RCCsite/Documents/321-
20_Common_Risk_Criteria_Test_Ranges/321-
20_Common_Risk_Criteria_Test_Ranges.pdf. 


• Range Commanders Council (RCC) 321-20 Common Risk Criteria Standards for 
National Test Ranges: Supplement, May 2020, 
https://www.wsmr.army.mil/RCCsite/Documents/321-
20_Common_Risk_Criteria_Supplement/321-20_Supplement.pdf. 


• Joint Advanced Range Safety System Algorithm Document, Millennium 
Engineering and Integration Company. 


• CASS Steering Committee, Software Design Description (SDD) for the Core 


Autonomous Safety Software (CASS), USSF 30SW/SEAE, Vandenberg Space Force 
Base, CA. 
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4 DEFINITION OF TERMS. 
For this AC, the following terms and definitions apply: 


4.1 Conditional Limit 
A flight safety limit through which a vehicle may fly, unless a critical vehicle parameter 
is outside its pre-established expected range or indicates an inability to complete flight 
within the limits of a useful mission. 


4.2 Debris Footprint 
A geographic region containing, with at least 97% confidence, all the hazardous debris 
impacts resulting from an event. See paragraph 6.2 of this AC for further explanation. 


4.3 Hazard Footprint 
A debris footprint extended to include at least the region where the probability of 
casualty exceeds 1% from any impact included in the footprint, conditional on each 
impact, considering all hazards. 


4.4 Residual Risk 
The risk that remains after all hazard controls are accounted for in the flight safety 
analysis. 


4.5 State Vector 
A set comprised, at minimum, of the three-component position and three-component 
velocity associated with a point in time along a vehicle’s trajectory. A state vector may 
also include vehicle mass, thrust, orientation, angular velocity, and other parameters. 


4.6 Unintended Trajectory 
A trajectory outside the normal trajectory envelope but within the limits of a useful 
mission. 
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5 ACRONYMS. 


• AC – Advisory Circular 


• AFSS – Autonomous Flight Safety System 


• CEC – Conditional Expected Casualties 


• DADL – Duration of Acceptable Data Loss 


• DLFT – Data Loss Flight Time 


• FFBO – Far-Field Blast Overpressure 


• FSL – Flight Safety Limit 


• FSS – Flight Safety System 


• GPS – Global Positioning System 


• IIP – Instantaneous Impact Point 


• RCC – Range Commanders Council 


• U.S.C. – United States Code
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6 INTRODUCTION. 


6.1 Overview. 
This AC provides guidance for a launch operator to develop flight safety limits and 
flight abort rules for launch of a space vehicle. It provides further explanation of the 
requirements in § 450.108(a) through (f), in chapters 7 through 12 of this AC. 
Chapter 13 contains a description of an acceptable procedure for a means of compliance 
that meets the regulations, organized as a series of steps in an analysis. Chapter 14 
contains further explanation of the application requirements in § 450.108(g). 


6.2 Footprints. 


6.2.1 Debris Footprint. 
Per paragraph 4.2, a debris footprint is a geographic region containing, with at least 
97% confidence, all the hazardous debris impacts resulting from an event. 


6.2.1.1 An event is the outcome of a breakup, where the uncertainties that are 
considered are those that exist at the time of the breakup event. It is 
probabilistic because there is uncertainty in the vehicle state vector due to 
measurement uncertainty, the fragmentation resulting from the breakup 
and associated physical properties of the debris, the environmental 
conditions, modeling approximations, and numerical simulation 
limitations. 


6.2.1.2 There are several important aspects to understand when considering the 
footprint. First, this definition means ALL impacts from every fragment 
group should be contained for 97% of realizations of the event. Addition 
of more fragments or fragment groups always expands the region. This is 
a much higher threshold than simply containing 97% of impacts for every 
event. The debris footprint includes ALL fragment groups, bounding all 
the distributions. 


6.2.2 Hazard Footprint. 
Per paragraph 4.3, a hazard footprint is: A debris footprint extended to include the at 
least the region where the probability of casualty exceeds 1% from any impact included 
in the footprint (conditional on each impact), considering all hazards. This effectively 
means the debris footprint is expanded to include area surrounding the fragment impact 
where a casualty is possible. This casualty radius incorporates the extent of the area 
affected, such as due to bounce and roll of an inert fragment or the blast wave from an 
explosive fragment. There is uncertainty in the consequence modeling due to impact 
conditions, modeling approximations, and human response. For inert debris, energy for 
hazards at the surface of the Earth, 11 ft-lbf of impact kinetic may be used for the 1% 
threshold, and, for aircraft, one gram may be used. 
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6.2.3 Confidence of Containment. 
The region for confidence of containment is computed by integrating the impact 
probability over area, in order of increasing probability density, until the integral is one 
minus the specified confidence is reached. All the area included in this integrated region 
is outside the containment region, thus defining a boundary. This boundary then occurs 
at an equi-probability contour, but the probability is not known without integration. For 
a bivariate normal distribution, the integration can be performed analytically. In this 
case, the relationship between sigma level, n , and confidence of containment, C, is 


given by =  is the number of impacts. 


6.2.4 Example. 
Let us consider 4 fragment groups, with index I and N  fragment impacts, each with a 
bivariate normal distribution, with standard deviations, ,  and , , in miles, as shown 
in Table 1 of this AC. 


Table 1. Example Fragment Groups 


,  ,   


Group 1 1.0 1.0 2 
Group 2 0.5 0.5 5 
Group 3 1.5 1.3 20 
Group 4 1.0 0.5 100 


6.2.4.1 Sigma and confidence. 
The sigma levels and 97% containment are shown in Figure 6-1, with 
groups 1 to 4 proceeding from left to right: 


Figure 6-1: Comparison of Sigma Levels to Confidence Example 
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Note: The 97% confidence ellipse is slightly inside the three sigma level 
for group 1, where N  is 2, but significantly outside for groups 3 and 4, 
where N  is much larger. 


6.2.4.2 Debris Footprint. 
This example uses a simple approach to compute the debris footprint, 
which is guaranteed to be conservative. Instead of using the number of 
fragments for each group, the , for each group is computed using the 
sum of . This accounts for the fact that fragment group distributions 
may overlap.1 In this example, the sum is 127. The footprint is then the 
region bounding all of these, or for simplicity, the convex hull surrounding 
them, as shown in Figure 6-2. For the left three fragment groups, the 
change from  to the sum of  has a significant effect, because the right 
group has 80% of the fragments. The containment ellipse for the right 
group, with  increasing from 100 to 127, increases in size only slightly. 


Figure 6-2: Debris Footprint Example 


6.2.4.3 Hazard Footprint. 
The hazard footprint is then computed by adding a distance around the 
debris footprint to account for hazards radiating from the impact point. 
In this example, 0.2 miles is used for illustration (see paragraph 13.4 for 
more discussion), as shown in Figure 6-3. 


1 Using the sum may appear excessively conservative. However, imagine the simple case of two identical fragment 
groups; in this case the containment of each is the same, but the containment of both is found with the equation 
where N is the sum of the number of fragments in each group. The conservatism is also limited because the N is 
used in taking the root of the confidence and then the natural log of this result. 
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Figure 6-3: Hazard Footprint Example 


7 FLIGHT ABORT APPLICABILITY. 


7.1 Use of Flight Abort as a Hazard Control Strategy. 
The operator is responsible for the safe conduct of all licensed activities and authorized 
to provide final approval to proceed with licensed activities. One method of limiting 
collective risk is a flight safety system, and in many cases such a system is required to 
protect against high consequence events in accordance with § 450.101(c). In accordance 
with § 450.108(a), the requirements in § 450.108 apply to any operation that uses a 
flight safety system as a hazard control strategy for the flight, or phase of flight, of a 
launch or reentry vehicle to meet the safety criteria of § 450.101. These requirements 
apply to all phases of flight for which the abort system is used to meet the risk 
requirements and may be necessary to protect against a high consequence event in 
uncontrolled areas; see AC 450.101-1, High Consequence Event Protection, regarding 
clarification on phases of flight. In accordance with § 450.101(c) an operator must use 
flight abort as a hazard control strategy if the consequence of any reasonably 
foreseeable vehicle response mode, for any significant period of flight, is greater than 
1 × 10-3 CEC for uncontrolled areas, unless § 450.101(c)(3) is satisfied. A period of 
flight would be significant if it is long enough for a mitigation, such as flight abort, to 
decrease the public risks or consequences materially from any reasonably foreseeable 
failure mode. 


Note: Sections 450.101(c)(2) and (c)(3) allow an operator to demonstrate it has 
sufficiently protected against a high consequence event by demonstrating CEC values of 
any reasonably foreseeable failure mode, in any significant period of flight below 
1 x 10-3 or by establishing the launch or reentry vehicle has sufficient demonstrated 
reliability as agreed to by the Administrator based on conditional expected casualties 
criteria during that phase of flight. 
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Note: If an operator cannot ensure by means other than flight abort that it has 
sufficiently protected against a high consequence event (as measured by CEC), the way 
to satisfy § 450.101(c) is to use flight abort consistent with the requirements in 
§ 450.108. 


7.2 Focus on Protecting the Public. 
A flight abort may be implemented in a variety of ways, as diverse as a pilot choosing a 
contingency landing site to an autonomous termination system destroying the vehicle. 
In all cases of abort, the primary objective changes from accomplishing the mission 
goals to ending flight in a way to avoid adverse consequences. There are limits to the 
capability of an abort system to mitigate risk. When control continues after abort the 
objective is to redirect the flight so landing or impact minimizes the exposed 
population. In this case, the potential for a secondary failure that results in hazards 
should be considered. When control (and thrust) are terminated the objective is to 
minimize the hazard posed by the vehicle, although the absolute minimum can never be 
positively identified (no known system exists that, for example, vaporizes all possible 
debris). Thus, it is assumed that flight abort results in some hazardous impacts. In 
accordance with § 450.115(b)(1), the demonstration of acceptable risk must include the 
use of mitigations. Thus, the flight safety analysis should account for post-abort 
physical processes that influence flight of a controlled vehicle and the effective casualty 
area, such as subsequent aerothermal breakup, melting, or vaporization, as well as the 
potential for structural failure and breakup of a falling object. Flight abort in the context 
of part 450 is focused on protecting the public and critical assets. An operator may 
choose to use flight abort to protect personnel on-board the vehicle as well, but that is 
not covered by these regulations, except to the extent that the pilot may be a component 
of the flight safety system. Therefore, whenever risk or high consequence events are 
discussed in the regulations or this document, they do not consider personnel on-board 
the vehicle. The primary objective for flight abort in the context of this AC is protecting 
the public and critical assets. 


7.3 Clarity of Flight Abort Rules. 
It is critically important that flight abort rules be clearly defined in advance of initiating 
flight. More specifically, in accordance with § 450.108(g)(2), an applicant must 
describe how each flight safety limit and flight abort rule is evaluated and implemented 
during vehicle flight, including the critical parameters and quantitative criteria that will 
be used. When humans are a part of the flight safety system, they should have a very 
clear understanding of the flight abort rules, and the human-system interface needs to be 
accounted for in accordance with § 450.108(d)(4) when establishing the time delay 
between the violation of a flight abort rule and the time when the flight safety system is 
expected to activate. 
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8 FLIGHT SAFETY SYSTEM REQUIREMENTS. 
The flight safety system requirements for a phase of flight are prescribed by the 
magnitude of the risk of high consequence events, in accordance with § 450.108(b)(1) 
and (b)(2). Consequence is measured by the maximum conditional expected casualties 
(CEC) in uncontrolled areas of any reasonably foreseeable failure mode in any 
significant period of flight within the phase. As discussed in the AC 450.101-1, High 
Consequence Event Protection, an alternate measure of the risk may be used to evaluate 
high consequence risk, such as a risk profile, if the measure and threshold are approved 
by the FAA Administrator. 


8.1 Highly-reliable Flight Safety System (FSS). 
If the maximum CEC is greater than 1 × 10-2, § 450.108(b)(1) requires a highly-reliable 
flight safety system (FSS) that meets the requirements of § 450.145. The FAA has 
identified Range Commanders Council, Range Safety Group, Flight Termination 
System Commonality Standard, RCC 319 (see first reference in paragraph 3.4 of this 
AC) as an existing means of compliance to demonstrate high-reliability of an FSS. The 
FAA will work with applicants to tailor RCC 319 in order to comply with § 450.145. 
Section 450.35(a)(3) requires an operator to obtain acceptance from the FAA for a 
means of compliance for § 450.145(b) in advance of submitting an application. 
Therefore, a tailored RCC 319 used as a means of compliance for § 450.145(b) must be 
submitted to the FAA for acceptance prior to being included in a license application. 


8.2 Safety-critical FSS. 
Section 450.108(b)(2) states that if the maximum CEC is between 1 × 10-2 and 1 × 10-3 


an operator must use a flight safety system that meets the requirements of § 450.143 and 
discussed in AC 450.143-1 Safety-Critical Systems. Historically, the FAA has found 
that operations launching or reentering in remote locations or for stages that only 
overfly sparsely populated regions have a CEC between 1 × 10-2 and 1 × 10-3. 


8.3 FSS Requirements. 
An operator usually determines which FSS system to use early in a vehicle design 
process. Therefore, it is generally helpful to identify early which set of requirements the 
FSS must meet. If an applicant chooses to use a highly-reliable FSS, an applicant must 
meet the requirements of § 450.145, and no CEC analysis is required to determine the 
FSS requirements in accordance with § 450.108(b). This is because meeting the 
requirements of § 450.145 also satisfies the requirements of § 450.143. Alternatively, an 
applicant may compute the CEC to determine whether an FSS is required, in accordance 
with § 450.101(c)(2), and, if so, the reliability standards the FSS must be met, per 
§ 450.108(b). The CEC analysis must be performed without consideration of the FSS, as 
the results will determine the requirements for the FSS. Paragraphs 8.1 and 8.2 of this 
AC describe how this CEC analysis affects the FSS requirements. An approach to 
determine CEC is described in AC 450.101-1 High Consequence Event Protection. For 
evaluation of the effectiveness of the flight abort rules, per § 450.108(d)(5), the 
reliability of the flight safety system should be determined. For a highly-reliability FSS, 
meeting the requirements of § 450.145, a reliability of 99.9% may be used. 
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9 FLIGHT SAFETY LIMITS OBJECTIVES. 


9.1 Introduction. 
In accordance with § 450.108(f)(2), the FSS must abort flight when valid, real-time data 
indicate the vehicle has violated any flight safety limit developed in accordance with 
§ 450.108. An operator must define when a flight abort must be initiated in order to 
achieve objectives listed in § 450.108(c), including to ensure compliance with the 
public safety criteria of § 450.101(a) and (b). An operator must develop flight safety 
limits that meet the constraints set in § 450.108(d). For example, an operator must 
determine flight safety limits that account for the reliability of the FSS, in accordance 
with § 450.108(d)(5). This is a necessary aspect of a flight safety limits analysis because 
a critical objective is to ensure that the public and critical assets are protected from high 
consequence events given any intended flight abort action, and the reliability of the FSS 
can have a substantial influence on the predicted consequences of a flight abort action. 
There are several conditions that must be captured in the development of flight safety 
limits in accordance with § 450.108(c). 


Note: In accordance with § 450.115(a), an operator’s flight safety analysis method must 
account for all reasonably foreseeable events and failures of safety-critical systems 
during nominal and non-nominal launch or reentry that could jeopardize public safety. 


9.2 Compliance with Risk Requirements. 
In accordance with § 450.108(c)(1), the first objective is to develop flight safety limits 
to achieve compliance with the requirements of § 450.101(a) and (b). This, of course, 
includes collective risk criteria for expected casualties in § 450.101(a) for launch and in 
§ 450.101(b) for reentry. In addition, flight safety limits also influence individual risk 
protection. For example, flight safety limits may be used to limit the region that exceeds 
the threshold for individual probability of casualty. This may be a better approach than 
evacuating a region, especially if the region is uncontrolled or a difficult-to-clear marine 
area. Regardless, it is critical that hazard areas be developed taking the flight safety 
limits into account; in accordance with § 450.133(a)(2) the flight hazard area analysis 
must account for any hazard controls implemented, which of course includes flight 
abort. 


Note: Section 450.101(c) requires an operator to protect against a high consequence 
event only in uncontrolled areas, whereas the safety requirements in § 450.101(a) and 
(b) are not limited to uncontrolled areas, but instead apply to both controlled and 
uncontrolled areas. Thus, there are different considerations for developing flight safety 
limits based on where the exposed population is located. 
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9.3 Prevent Increased Risk. 
The second objective of the flight safety limits, in accordance with § 450.108(c)(2), is 
to prevent continued flight from increasing risk in uncontrolled areas if the vehicle is 
unable to achieve a useful mission. It has been general practice in the safety community 
to contain debris, and this is an option via § 450.108(c)(6). Section 450.108(c)(2) 
captures the same intent, but with the recognition that a vehicle may deviate from the 
limits of a useful mission during a period where hazard containment is not possible. In 
this case, the requirement is to define a flight safety limit that prevents continued flight 
from increasing public risks, though some risk from either flight abort or continued 
flight may be unavoidable. Flight safety limits must be placed to ensure the lower-risk 
strategy is used, per § 450.108(d)(6), whether aborting flight once the vehicle has 
departed from the limits of a useful mission or allowing the flight to continue, at least 
until a location is reached where abort would reduce the risk. The concepts of “useful 
mission” and “limits of a useful mission” are discussed in AC 450.117-1, Trajectory 
Analysis. Evaluation of increased risk in § 450.108(c)(2) should consider risks of 
casualty from any hazard, including debris, toxic release, or explosions, including 
far-field blast overpressure (FFBO) effects. 


9.4 Prevent Anomalous Flight over Populated Areas. 
The third objective of the flight safety limits, in accordance with § 450.108(c)(3), is to 
prevent the vehicle from entering a period of materially increased public exposure in 
uncontrolled areas, including before orbital insertion, if a critical vehicle parameter is 
outside its pre-established expected range or indicates an inability to complete flight 
within the limits of a useful mission. The intent of this regulation is to prevent 
unnecessarily exposing the general public to hazards when degraded vehicle health is 
identified. This flight abort situation commonly has been called a “gate,” but since the 
definition of a gate varies, the regulations state a clearer, performance-based 
requirement. In this document, the term “conditional limit” is used to refer to abort rules 
of this type. If the critical vehicle parameters fail to remain within the pre-established 
expected range or indicate an inability to complete flight within the limits of a useful 
mission at the location of a conditional limit, then the operator is required to initiate 
flight abort to accomplish a controlled ending to flight at the conditional limit. 


9.4.1 Materially Increased Exposure. 
A period of materially increased public exposure includes the beginning of a period 
when the vehicle will pose a hazard to a populated landmass prior to orbital injection. 
Overflight of continental areas and islands with substantial population generally 
constitutes a period of materially increased public exposure, while overflight of islands 
with small populations or other areas of sparse population generally do not. An 
applicant may use a CEC greater than 1 × 10-2 as a threshold for materially increased 
risk in any significant period of flight from any on-trajectory failure mode. In general, a 
standoff from the landmass is advised to avoid hazards within several miles of a shore, 
due to high coastal vessel traffic. Orbital insertion also results in a material increase in 
public exposure due to the possibility of a random reentry from a vehicle that cannot 
achieve a minimum safe orbit. A vehicle that must reach orbit to achieve a useful 
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mission would require flight abort in accordance with § 450.108(c)(3) if a minimum 
safe orbit cannot be reached. 


9.4.2 Selecting Appropriate Critical Vehicle Parameters. 
The critical vehicle parameters used to evaluate whether abort should be initiated 
generally depend on the vehicle type and mission. Ideally, critical parameters would 
determine that no anomaly exists that would prevent a successful mission at the time of 
validation. However, this perfect test is not practically possible. Therefore, critical 
parameters must be compared against pre-established expected ranges, per 
§ 450.108(c)(3). The ranges are those whose values (individually or collectively) can
indicate the inability to complete the upcoming phase of flight within the limits of a
useful mission. For the final conditional limit for orbital missions, an important test is
whether the vehicle is capable of reaching an orbit with a perigee greater than
70 nautical miles altitude.


9.4.2.1 


9.4.2.2 


9.4.2.3 


9.4.2.4 


The criteria used for determining whether to allow passage through a 
conditional limit or to terminate flight at the limit should use at least the 
same vehicle flight status parameters as the criteria used for determining 
whether to terminate flight at flight safety limits for this flight phase. For 
example, if a flight safety limit is a function of instantaneous impact point 
(IIP) location, the criteria for determining whether to allow passage 
through a conditional limit should also be a function of IIP (and 
potentially other parameters). 


The flight abort rules should permit the vehicle to cross the conditional 
limit only if there is no indication that the vehicle's performance has 
become erratic and the vehicle is flying within the limits of a useful 
mission. 


Erratic behavior should be assessed through quantitative metrics, such as 
angular velocity, growing vehicle oscillation, and stagnant IIP. In 
addition, if a human is making the flight abort decision, then a flight rule 
should also permit flight abort if the vehicle is erratic due to any other 
data. Human application of the erratic flight rule, however, is subject to 
significant judgment, and sufficient quantitative rules are a far more 
reliable solution, both for safety and for mission assurance. The operator 
must select parameters and their acceptable ranges that are appropriate for 
the vehicle and mission, with consideration of the ability to measure and 
act on the parameters, in accordance with § 450.108(c)(3). 


Specific examples of critical vehicle parameters and associated 
pre-established expected ranges include: 


• IIP latitude and longitude, as compared to a pre-established polygon; 


• Direction of motion of the IIP (i.e. parallelism or convergence); 
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• Minimum impact range that the last suborbital stage must 
achieve, if the succeeding stage is to attain a useful orbit and a 
minimum orbit (perigee > 70 nautical miles); 


• Pressure of a tank, as compared to minimum thresholds (e.g. 
verifying pressurized fluid will flow when required) or 
maximum thresholds (e.g. avoiding rupture); 


• Motor chamber pressure; 


• Orientation and/or angular velocity; 


• Acceleration of the vehicle, verifying that motor is 
producing anticipated thrust; and 


• Altitude at perigee, given the current position and velocity, 
verifying that minimum orbit can be achieved with remaining 
thrust. 


9.4.2.5 The expected range for each critical vehicle parameter (or parameter set) 
should also be determined. The analysis should assess if a variety of 
trajectories, including all normal trajectories, are acceptable for passing 
through the conditional limit. The values of each critical parameter should 
be determined at the conditions when the validation will occur. The pre-
defined expected range should encompass the range of values each of 
which are typically extended by a 20% margin to account for uncertainty, 
though this margin may vary on a case-by-case basis. 


9.5 Preventing High Consequence Events. 
The fourth objective of flight safety limits, in accordance with § 450.108(c)(4), is to 
prevent conditional expected casualties greater than 1 × 10-2 in uncontrolled areas due to 
flight abort or due to flight outside the limits of a useful mission from any reasonably 
foreseeable off-trajectory failure mode in any significant period of flight. Many of the 
phrases here match § 450.101(c), and AC 450.101-1 High Consequence Event 
Protection, provides guidance on the terminology used to define what constitutes a 
failure mode. This objective requires that abort actions do not produce high 
consequence events. This requirement does not apply to failure modes that lead to 
already minimized consequence before a vehicle exits the limits of a useful mission. For 
example, in a simple case, this requirement does not apply to an on-trajectory engine 
explosion. Also, loss-of-thrust is not considered an off-trajectory failure mode. Nor does 
it apply to a failure which causes breakup soon after initiation, such as a malfunction 
turn at high dynamic pressure that quickly causes structural failure before the vehicle 
exits the limits of a useful mission. In this context, breakup soon after initiation of a 
failure includes any breakup expected to occur before the minimum period necessary to 
implement a risk mitigation, such as flight abort or propellant dispersal. The CEC limit 
in § 450.108(c)(4) applies to failures where vehicle begins to exit the limits of a useful 
mission and the vehicle would not be expected to breakup prior to this. 
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9.6 Abort Prior to Failure of Flight Safety System (FSS). 
The fifth objective of the flight safety limits, in accordance with § 450.108(c)(5), is to 
initiate flight abort to prevent the vehicle state from reaching identified conditions that 
are anticipated to compromise the capability of the flight safety system if further flight 
has the potential to violate a flight safety limit. A real-time determination of whether a 
particular failure may evolve to violate a flight safety limit is not always possible. The 
operator must determine in preflight analyses (system safety analysis, link analysis, etc.) 
which failure modes can compromise the capability of the FSS, in accordance with 
§ 450.108(c)(5). The operator should then perform analysis to determine if those failure
modes can potentially violate a flight safety limit. If it finds a failure mode that can
potentially violate a flight safety limit, the operator must develop flight safety limits and
abort rules that protect against those modes in accordance with § 450.108(c)(5). If the
ability to reach a flight safety limit via a particular failure mode is uncertain, the
assumption should be made that it is possible during any phase of flight where flight
abort is used as a hazard control strategy. In addition, flight safety limits and abort rules
should be established to prevent the vehicle from exceeding the acceptable
environments of the abort system in accordance with § 450.108(c)(5). For example, if
the abort system is qualified to withstand a certain vibration environment, then limits
and rules should be in place to abort in order to prevent the system from exceeding the
established vibration level.


9.7 Containment Alternative. 
An alternative objective, in accordance with § 450.108(c)(6), is to initiate flight abort to 
prevent debris capable of causing a casualty due to any hazard from affecting 
uncontrolled areas using a flight safety system that complies with § 450.145, in lieu of 
meeting §§ 450.108(c)(2) and (4). Containment means no hazard footprint (see 
definition 4.3) from any event, ignoring failures of the flight safety system, will impact 
an uncontrolled area. This containment strategy relieves the operator of needing to 
perform a consequence analysis but may be incompatible with mission requirements. 
Hazard containment achieves the goals of §§ 450.108(c)(2) and (4) because neither risk 
nor high consequence will be present in uncontrolled areas when hazard containment is 
provided. This can be achieved by complying with the legacy § 417.213. This strategy 
is not an option when hazard containment is not possible during a phase of flight. For 
example, if overflight of uncontrolled areas occurs on a useful mission trajectory during 
a phase of flight when flight abort is used as a hazard control strategy, an operator 
cannot claim containment during this phase and must meet §§ 450.108(c)(2) and (c)(4). 
To comply with § 450.108(c)(6), flight abort capability must be maintained until 
§ 450.108(e) is applicable.
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10 FLIGHT SAFETY LIMITS CONSTRAINTS. 
Section 450.108(d) describes the constraints of flight safety limits. An operator must 
determine flight safety limits that satisfy each of the constraints identified in 
§ 450.108(d). 


10.1 Extent of Flight Safety Limits Analysis. 
Section 450.108(d)(1) requires that flight safety limits account for temporal and 
geometric extents on the Earth’s surface of any reasonably foreseeable vehicle hazards 
under all reasonably foreseeable conditions during normal and malfunctioning flight. 
The intent of this requirement is that the flight safety limits account for any area that 
could potentially be hazarded for any phase of flight that uses flight abort as a hazard 
control strategy. This includes the duration and region that could be affected by 
malfunction or abort. The entire region of the Earth’s surface that could be hazarded 
must be considered until the time the hazard has ended. 


10.2 Consideration of Hazards. 
Section 450.108(d)(2) requires that flight safety limits account for physics of hazard 
generation and transport, including uncertainty. This is further discussed in 
AC 450.115-1 High Fidelity Flight Safety Analysis. Hazard generation refers to the 
process by which a vehicle produces a hazard. Transport is how the hazard moves from 
the source to an exposed person or a critical asset. For debris risk from an in-air 
breakup, hazard generation includes the fragmentation of a vehicle and uncertainty in 
fragment properties. Transport of debris is the propagation from each breakup location 
to impact accounting for all foreseeable forces that can influence any debris impact 
location and all foreseeable sources of impact dispersion in accordance with 
§ 450.121(c)(1) and (2). For a loss-of-thrust or lift vector control, this includes 
modeling of the fall of the intact vehicle; consideration of whether it will structurally 
fail during the fall and if so, the associated fragments; the explosion, toxic release, fire, 
etc. at impact (generating a new hazard); then, the propagation of that hazard (e.g. a 
blast wave or toxic cloud). Also, for intact impact scenarios, the potential for FFBO 
hazards must be considered in accordance with § 450.137. For an in-air toxic release, 
hazard generation would account for the time-release history of the toxic species, and 
transport would be how the toxic species spread through the air. 


10.2.1 Debris Dispersion. 
For most of flight, the particulars of hazard generation and transport are of minimal 
importance in the development of flight safety limits. Outside of the launch or landing 
area, it is typically sufficient to consider debris dispersion effects to determine the 
extent of the hazard. Risk calculations account for all consequences, such as if there is 
undispersed propellant, but this has little effect on the size of the region that is 
hazarded. In the launch or landing area however, the size of the region hazarded, such 
as due to toxics or FFBO, can be significantly expanded beyond the debris dispersion 
area (which may be small in these areas) due to the transport of these hazards. Likewise, 
typically wind effects have a negligible effect on risk outside the launch or landing area. 
Generally, wind cannot affect the impact location of hazardous debris by more than a 
few miles and any wind effects are typically insignificant compared to dispersions from 
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other sources. Outside of the launch or landing a buffer may be used to account for this 
variability when developing flight safety limits, provided the analysis demonstrates the 
adequacy of the buffer to meet the flight safety limits objectives. In the near launch or 
landing area, the acceptability of flight safety limits is determined through the flight 
safety analysis, where risks must be evaluated using latest winds or a prelaunch 
availability study in accordance with §§ 450.135(a) and 450.137(a). It is not generally 
necessary for flight safety limits to vary based on wind conditions, but it is conceivable 
that mission flexibility could be enhanced if they were in some situations. 


10.3 Considering Data Loss. 
Section 450.108(d)(3) requires that flight safety limits account for the potential to lose 
valid data necessary to evaluate the flight abort rules. The development of suitable 
limits is a precursor to meeting the requirement in § 450.108(f)(2)(iii). This AC uses the 
term “Duration of Acceptable Data Loss (DADL)” to encompass various approaches 
used previously to develop data loss flight times (DLFT), green numbers, or no data 
destruct times (NDDT). To implement a DADL limit, if at any point in flight all 
tracking data are lost, the abort system begins a data loss countdown timer with a 
duration predefined based on vehicle parameters at the time of data loss. When the 
countdown timer reaches zero, flight abort action is taken. Historically, the duration has 
typically been a function of only the flight time at data loss, but more sophisticated 
functions based on more parameters (e.g. position or IIP) may be used. Of course, this 
section only applies to periods in flight where the abort system is active. 


10.3.1 Background. 
A particular challenge in determining data loss criteria is the uncertainty as to the cause 
of data loss. If the data loss is the only failure, and the vehicle continues to fly normally, 
then taking abort action would result in increased risk (even in open ocean areas due to 
ships and aircraft). But if data loss is related to a failure that also causes deviation from 
a flight path, then risk may be reduced by aborting flight. In many cases, data loss is not 
a safety concern, such as due to: 


• Expected behavior, such as communication gaps or sensor drop-out, from which 
the 


data stream is expected to return; 


• Unexpected sensor or communication problems where no failure affecting flight 
has 


occurred; or 


• Vehicle break up, such that flight abort would have no effect. 


However, data loss could also indicate a safety issue, such as a sensor or 
communication failure that leads to bad data to the guidance system, or partial vehicle 
breakup where there is still a free-flying motor. Malfunction flight can also be a cause 
of data loss. The challenge is that in real-time, when data loss occurs, it is not known 
whether the vehicle is still operating correctly or not. 
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10.3.2 Partial Data Loss. 
In most situations, the minimum required data are position and velocity of the vehicle. 
However, sometimes, different data may be sufficient to continue flight if it can be used 
to demonstrate that the vehicle is still normal. If this is the case, clear rules should 
define which parameters are required, and the flight conditions under which the set of 
required parameters changes. 


10.3.3 Core Principles. 
Because the vehicle state is unknown, it cannot be determined in real-time as to whether 
termination or continued flight is the better choice. The goals of flight safety action are 
still the same: reduce risk (especially high consequence events) and terminate before the 
ability to terminate is lost.2 Every active motor should either have an Inadvertent 
Separation Destruct System (ISDS) or a flight safety system based on the state of the 
motor, in order to prevent free-flying motors, unless the motor can be physically 
contained outside of uncontrolled areas. The following principles should be used to 
develop data loss flight times. 


a. If the vehicle is outside the limits of a useful mission, termination should occur 
immediately (subject to paragraph 10.3. of this AC). 


b. Termination should occur before the vehicle could reach the following (any of 
these options is acceptable), accounting for the state of the vehicle at the time 
of data loss: 


i. Violating a position or IIP-based flight safety limit (e.g. the former part 
417 approach for DLFTs), 


ii. Reaching the limits of a useful mission, or 


iii. Having a hazard footprint that reaches an uncontrolled area. 


c. If data is lost while the vehicle is within the normal flight envelope, data loss 
flight times should be long enough to allow for reasonably expected data loss 
scenarios. 


d. If uncontrolled populated regions are hazarded at the time of data loss, 
termination should be delayed until hazards from the vehicle would no longer 
hazard the uncontrolled area if the vehicle were operating normally. Additional 
study would be appropriate if this would lead to increased likelihood of 
impacting regions of higher population density. 


e. No abort action should be taken based on data loss whenever the vehicle is no 
longer able to reach a flight safety limit, including having reached orbital 
insertion. 


2 Terminating quickly upon data loss also helps reduce the potential hazard area, which is helpful for post-accident 
response. However, this is not as relevant for on-board autonomous safety systems, as loss of data to the flight 
termination decision computer may or may not indicate loss of data to external systems. And only those external 
systems are relevant for post-accident response. 


19 







 


 


 


 


 


 


 


07/27/2021 AC 450.108-1


f. The operator may choose not to implement data loss flight abort limits at any
state where:


i. The only reachable flight safety limits are not required in order to meet
§ 450.108.


ii. The vehicle's state vector has reached a state where a flight safety system
would not materially decrease the collective risk or the risks from a high
consequence event.


10.4 Consideration of Time Delay. 
Part 450.108(d)(4) requires that flight safety limits account for the time delay, including 
uncertainties, between the violation of a flight abort rule and the time when the FSS is 
expected to activate. Time delays are important in a flight safety limits analysis because 
the decision to abort flight must be made in time to achieve the flight safety limits 
objectives in accordance with § 450.108(d)(4). This is not possible unless the time delay 
between the violation of a flight abort rule and the time when the FSS is expected to 
activate is known. The delay is the total time from the actual violation of a flight safety 
limit until the abort action is finally accomplished, also called the latency of the abort 
action. Examples of flight abort being finally accomplished are (1) when the IIP stops 
moving following a destruct action, and (2) when the net thrust reaches zero following a 
thrust termination action. The delay may include hardware, software, communication, 
and human-in-the-loop contributions from tracking systems, data processing systems, 
display systems, command control systems, and flight safety systems. 


10.4.1 Hardware Delays. 
Hardware delays are typically less than one second unless intentionally lengthened, and 
may include: 


• Processing time of the navigation unit (e.g. delay of the GPS receiver to 
determine position); 


• Time on the vehicle to activate the abort. This is the time from terminate signal 


received on the vehicle until the thrust or controlled glide is stopped. For example, 
on a thrust termination system this includes the time to fully shutdown a turbopump 
and end any residual thrusting; and 


• Intentional delays to allow escape of a vehicle component prior to abort. 


10.4.2 Software Delays. 
Software delays include: 


• The time to process received data (e.g. decommutation), to transform the data to 
other formats and coordinate systems, 


• Filter delays; 


• For systems with a person on the ground to initiate a destruct, the time to generate 
displays; 


• For automated systems, the time to process rules and issue a terminate signal; and 
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 10.4.3 Communication Delays. 


Communication delays consider the transmission time of data. This includes both 
transmission from the measurement system to the abort rule system and from the abort 
rule system to the system that effects the abort. 


10.4.4 Safety Officer Decision Duration. 
When a human is in the loop, the human delay is usually the most significant, and also 
has significant uncertainty. For a safety officer, this is the time to process the decision 
and send the abort. The delay depends on the training of the safety officer, and the 
verification sources they are tasked to monitor (confirming violation across multiple 
tracking sources, hearing violations through multiple communications, or similar). In 
some cases, safety officers are trained to activate the abort before a flight safety limit 
violation, and thus the effective latency for their action may be negative. However, in 
most cases, safety officers react when a vehicle violates a limit, and thus the latency is 
slightly positive. There is also a typical constraint that safety officers have a longer 
delay when the vehicle appeared nominal prior to the failure. The decision delay, 
including uncertainty, should be based on studies of safety officer responses to 
simulated malfunction flight. The appropriate measurement is the delay should be 
between the time the displays show a violation and the safety officer initiates abort. 
This should be evaluated considering noise and different types of failures. 


10.4.5 Pilot Abort Action Duration. 
When a pilot is implementing the abort, there is a delay between making the abort 
decision or receiving the direction to abort and completing the action to initiate abort. 
This process must be considered and must account for the entire time until the abort 
initiation sequence is completed in accordance with § 450.108(d)(4). 


10.5 Consideration of FSS Reliability. 
Section 450.108(d)(5) requires that an operator must determine flight safety limits that 
account in individual, collective, and conditional risk evaluations, both for proper 
functioning of the flight safety system and failure of the flight safety system. Thus, the 
risks from a failed abort must be considered in evaluation of § 450.101(a) and (b) and 
§ 450.108(c)(4). Thus, the outcomes of malfunction flight where the FSS fails should be
included in the residual risk, with a conditional probability of one minus the reliability
of the FSS. The conditional probability of risks from proper function of the FSS should
either be the reliability of the FSS or one. Note, however, that § 450.108(c)(6) obviates
the need for a conditional risk analysis per § 450.108(c)(4) if the FSS complies with
§ 450.145 and abort prevents debris capable of causing a casualty due to any hazard
from affecting uncontrolled areas, in accordance with § 450.108(c)(6). While
§ 450.108(d)(5) requires that an operator account in its conditional risk evaluation both
for the proper functioning of the FSS and the failure of the FSS, an operator would not
be required to perform a conditional risk evaluation if it is in compliance with
§ 450.108(c)(6), because § 450.108(c)(4) would not apply. In this case, the applicant
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should still assess the collective and individual risk from a failure of the flight safety 
system in accordance with § 450.108(d)(5). 


10.6 Abort Should Never Increase Risk. 
Section 450.108(d)(6) requires that flight safety limits be designed to avoid flight abort 
that results in increased collective risk to the public in uncontrolled areas, compared to 
continued flight. This is a common-sense requirement that taking abort action should 
not present a higher risk to the public than not taking abort action. This can affect the 
location of the flight safety limits. A best practice is that flight safety limits analysis 
would minimize all foreseeable consequences, not just those to people on the ground or 
to the extent necessary to meet the public safety criteria. 


10.6.1 Best Practice For Flight Safety Limit Locations. 
For example, placing flight safety limits in areas where flight abort might place debris 
on a busy shipping lane or air corridor is not a best practice when other locations for the 
limits could meet the public safety criteria and consequence criteria, and still provide 
space for the vehicle to execute a useful mission. Also, as a malfunctioning vehicle’s 
hazard footprint migrates towards a populated area, the consequence to people on the 
ground from a flight abort will increase from a low number and possibly reach the 
proposed consequence limit. The best practice for identifying the location for a flight 
safety limit on such trajectory is not at the last location where an abort would still result 
in meeting the consequence criteria, which would presumably result in a consequence 
close to the limit, but at a location that minimizes the consequence. This approach could 
result in flight safety limits that provide debris containment, or nearly so, while also 
allowing normal flight and flight within the limits of a useful mission without triggering 
an abort. 


10.6.2 Selecting Lowest Risk Alternative. 
It is not possible to evaluate every possible location of flight safety limits, so it is 
impossible to determine with certainty the absolute minimum risk location for limits. 
However, it is possible to evaluate for each malfunction trajectory that the risks from 
aborting due to flight safety limits are equal to or less than the risks from not aborting at 
all. This should be done by comparing the CEC between abort action, and allowing 
continued flight. It is also possible to qualitatively assess the impact areas resulting 
from abort action and identify areas where risks might be reduced through a 
modification to the flight safety limits. If there is potential for a material reduction in 
risk, then alternative flight safety limits should be evaluated and the lowest risk 
alternative selected. 


10.7 Risk on any Useful Mission Trajectory. 
Section 450.108(d)(7) requires an operator to ensure any trajectory within the limits of a 
useful mission that is permitted to fly without abort would meet the collective risk 
criteria of § 450.101(a)(1) or (b)(1) when analyzed as if it were the planned mission in 
accordance with § 450.213(b)(2). This analysis should, at a minimum, account for the 
collective risk due to planned hazardous debris as well as the potential for on-trajectory 
failure modes. The philosophy behind § 450.108(d)(7) is to allow a non-normal flight to 
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continue as long as the mission does not pose an unacceptable conditional risk given the 
present trajectory. An example of missions that fall into this category are missions that 
lift-off on an incorrect flight azimuth, usually due to a software input error, such as the 
Ariane 5 failure on January 25, 2018. Apart from the programming error, these vehicles 
may be healthy and are not expected to fail more frequently than a flight without the 
programming error, so these flights should be allowed to continue if they meet the 
collective risk criteria on the present azimuth (including the risk from planned debris 
impacts on the present flight azimuth). If they do not, such flights would be required, in 
accordance with § 450.108(d)(7), to implement an abort before the point in flight where 
the collective risk criteria would be exceeded. 


10.7.1 Variety of Trajectories. 
It is of course, impossible to evaluate every possible trajectory within the limits of a 
useful mission to meet § 450.108(d)(7). Instead, this requirement should be met by 
evaluating the risk for a variety of trajectories in the envelope, each with normal 
trajectory dispersions and accounting for all failure modes and planned events. The 
requirement states that the risk criteria must be met for any trajectory within the limits. 
This does not require every possible trajectory within the limits to be examined. Instead 
a sufficient set is one that includes the edges of the limits and those identified, by 
inspection or analysis, that overfly population centers that could result in risks 
exceeding the criterion. 


10.7.2 Risk Evaluation. 
Risk evaluation must follow a methodology for flight safety analysis consistent with 
§ 450.115, but need only evaluate collective risk metrics. Usually risks are not 
significantly changed within the useful mission envelope for failures very early in 
flight, when the useful mission envelope is small compared to the distance to exposed 
population. Thus, FFBO and toxic risks are often not relevant for this analysis. 
Analyzing a variety of trajectories is most important for examining debris risks when a 
vehicle has a larger limit of useful missions. It is best practice to optimize flight abort 
rules to define a minimal set that provides adequate protection while eliminating 
duplicate or unnecessary rules that add complexity to the flight safety system 
implementation. Further, flight safety limits can help to reduce financial responsibility 
obligations determined in accordance with 14 CFR Part 440 requirements. This includes 
preventing intact impacts with non-trivial remaining explosive or toxic materials. 
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11 END OF FLIGHT ABORT. 
For some mission scenarios, at some point in flight, abort can no longer mitigate risk. 
Section 450.108(e) states that a flight does not need to be aborted to protect against high 
consequence events in uncontrolled areas beginning immediately after critical vehicle 
parameters are validated, if the vehicle is able to achieve a useful mission and certain 
conditions are met for the remainder of flight. Specifically, the conditions which must 
be present are: (1) flight abort would not materially decrease the risk from a high 
consequence event, and (2) there are no key flight safety events. In these situations, 
flight abort no longer provides any effective mitigation of high consequence events. 
This addresses a common occurrence during a period of planned overflight of an 
uncontrolled area immediately preceding orbital insertion. 


11.1 Key Flight Safety Events. 
In order to comply with § 450.108(e)(2) key flight safety events must be identified. The 
definition in § 401.7 states that a “key flight safety event” means a flight activity that 
has an increased probability of causing a failure compared with other portions of flight. 
Additional guidance is provided in AC 450.101-1, High Consequence Event Protection, 
in the discussion of phases of flight (a phase of flight cannot include a key flight safety 
event). 


11.2 Material Decrease in Risk of High Consequence Events. 
The evaluation of § 450.108(e)(1) requires definition of material decrease. A material 
decrease does not include cases where the risks are already two orders of magnitude 
below the threshold of interest. A material decrease does not include small reductions, 
specifically a reduction smaller than coefficient of variation of irreducible uncertainty in 
input data. Typically, the two most significant irreducible uncertainties are the 
population distribution and the outcome of a failure. For population, it is impossible to 
obtain data on the exact location (including sheltering) of every individual affected by a 
launch or reentry. For failure outcomes, there is uncertainty in the dynamics of breakup 
and in the flight of a vehicle between failure and impact. Thus, if CEC is used as a 
metric, a reduction in CEC by a factor of less than two is not a material decrease (based 
on empirical evidence). And likewise, if CEC is below 1E-3, it is not a material decrease. 


11.3 Evaluation of Critical Parameters. 
If the two conditions above are valid for the remainder of flight, then flight abort may 
be disabled. When flight abort is disabled, a conditional limit—a flight safety limit 
which includes validation of critical parameters—should be used. This is identical to 
that described in paragraph 9.4 of this AC. 


12 FLIGHT ABORT RULES. 
Flight safety limits as developed to meet the Part 450 regulations are implemented as 
rules for flight. These rules must be implemented as part of flight, in accordance with 
§ 450.108(f), to ensure that a determination can be made on whether flight abort must 
be implemented. 
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12.1 Data Availability. 
In accordance with § 450.108(f)(1) vehicle data required to evaluate flight abort rules 
must be available to the flight safety system under all reasonably foreseeable conditions 
during normal and malfunctioning flight. Flight abort rules are not useful if the data to 
evaluate them is not available to inform the flight abort decision during flight. There are 
three examples of situations that challenge the availability of vehicle data needed to 
facilitate flight abort rule evaluation. First, that a flight abort rule (or limit) could rely 
on knowledge of the future. An example would be a rule that states that flight abort 
should occur if a vehicle will pose a hazard to a location. The point of the analysis 
above is to develop limits that achieve this goal with available information. Second, a 
rule could be based on subjective judgment that is either impossible to evaluate in the 
case of an autonomous system or too reliant on discretion of the safety officer. An 
example of this is the “obviously erratic” rule. While this is an important safety 
precaution for failures that have not been foreseen, it cannot be relied on to terminate a 
vehicle for any failure that is foreseeable. Third, a rule could rely on data, which is no 
longer available to the decision system where the rule might be violated. An example of 
this would be a downrange flight safety limit, which the vehicle might violate when it is 
below the horizon of a tracking system critical to the evaluation of a flight abort rule. 


12.2 When Flight Abort Must Occur. 


12.2.1 Implementing Flight Safety Limits. 
The FSS must abort flight when valid, real-time data indicates the vehicle has violated 
any flight safety limit developed in accordance with § 450.108(f)(2)(i). This is simply 
the requirement that in real-time, flight parameters must be evaluated relative to the 
flight safety limits developed above and abort action taken when violated. It is, of 
course, insufficient to develop limits, but then ignore them during an actual mission. 


12.2.2 When Flight Safety System nears Incapacitance. 
Section 450.108(f)(2)(ii) requires that the FSS must abort flight when the vehicle state 
approaches identified conditions that are anticipated to compromise the capability of the 
FSS and further flight has the potential to violate a flight safety limit. This is the 
implementation of the flight safety limit developed to meet the objective in 
§ 450.108(c)(5). 


12.2.3 Invalid Track Data. 
Section 450.108(f)(2)(iii) requires that the FSS must abort flight in accordance with 
methods used to satisfy § 450.108 (d)(3), if tracking data is invalid and further flight has 
the potential to violate a flight safety limit. This is the implementation of the flight 
safety limit developed to meet the constraint in § 450.108(d)(3), and the approach is 
discussed in paragraph 10.3 of this document. 
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FLIGHT SAFETY LIMITS MEANS OF COMPLIANCE. 
This chapter describes a means of achieving all the requirements for flight safety limits, 
both objectives and constraints. These steps are expected to be applied for evaluation of 
a single intended flight or a small set of similar flights. The analysis results for the full 
range of licensed operations do not need to be submitted with the application. To 
comply with § 450.108(f)(2), the applicant needs to demonstrate their process for a 
representative mission, then use the same process during a flight. The following steps 
provide a methodology: 


1. Start with an envelope of trajectories sufficient to characterize variability and 
uncertainty during normal flight in accordance with § 450.117 and that encompass 
the limits of a useful mission, per § 450.119(a)(3). 


2. Evaluate and adjust the envelope, so § 450.108(d)(7) can be satisfied, reducing the 
envelope if some portions do not meet acceptable risk criteria. During this step, 
portions of the envelope which could lead to debris on uncontrolled areas are also 
identified. 


3. Evaluate the potential for ending flight abort, applying § 450.108(e). 


4. Identify potential flight safety limit types, based on system capabilities, so 
§ 450.108(f)(1) can be satisfied. 


5. Perform time delay analysis (system latency), satisfying § 450.108(d)(4). 


6. Determine buffers accounting for credible malfunction flight, satisfying 
§ 450.108(d)(1). 


7. Define candidate quantitative criteria for each limit type, satisfying 
§§ 450.108(c)(2), (4), and (5). Note that compliance with § 450.108(c)(6) is an 
alternative to §§ 450.108(c)(2) and (4). 


8. Define conditional limits,3 satisfying § 450.108(c)(3). 


9. Validate that rules as defined can be supported by the system, satisfying 
§ 450.108(f)(1). 


10. Adjust the limits to reduce risk, in accordance with § 450.108(d)(6), and/or better 
meet mission secondary objectives. 


11. Assess residual risk, including CEC, and refine as necessary, verifying that all 
objectives of § 450.108(c) and constraints of § 450.108(d)(6) are satisfied, using 
flight safety analysis per subpart C, satisfying §§ 450.108(d)(1) and (2), subject to 
the requirements of § 450.108(d)(5). 


12. Compute durations of acceptable data loss, satisfying § 450.108(d)(3). 


3 A “conditional limit” is a performance-based requirement similar to a “gate” concept. See paragraph 9.4 of this 
AC. 
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13.1 Trajectory Envelope. 
The initial “trajectory envelope” should describe the extent of where the vehicle may fly 
and still be within the limits of a useful mission, in accordance with § 450.119(a)(3). 
According to § 401.7, a useful mission is one that can attain one or more objectives. 
The limits of a useful mission means the trajectory data or other parameters that bound 
the performance of a useful mission, including flight azimuth limits. These must 
incorporate all uncertainty and variability that exists, in accordance with 
§§ 450.117(a)(1) and (2). This should include, but not be limited to, wind variability, 
performance uncertainty, mission initiation time variability, and launch platform 
variability. The variability should encompass just the planned operations for which the 
flight safety limits are intended to be applied. Trajectories that fly on an unplanned 
guidance program (e.g. incorrect azimuth) may still be useful if an objective can be met. 
These are examples of unintended trajectories. These trajectories may become the 
boundaries of what is considered useful; however, their extents must be separated from 
the extents of normal flight including only uncertainty and variability (not failures), in 
accordance with § 450.117(a). 


13.1.1 Trajectories That Characterize Variability. 
When an operator develops flight safety limits for a family of missions, they must also 
incorporate the variability in mission objectives in accordance with § 450.117(a)(1). 
AC 450.117-1, Trajectory Analysis describes the development of such trajectories. For 
flight abort rule development, the maximum extent in time, position, and impact point 
should be considered. The traditional three-sigma trajectories (as described in the 
former 14 CFR Part 417) about the nominal trajectory may be a starting point. 
However, the analysis should use actual trajectory simulations rather than constructed 
trajectories,4 unless the use of actual trajectories is operationally prohibitive and it is 
shown that use of constructed trajectories produce equal or higher risk estimates and 
hazard areas for all mission profiles. Numerous trajectories should be simulated to 
reflect the extremes of normal flight in all phases of flight. In some cases, intermediate 
trajectories are also necessary to ensure that risk is acceptable across the range of useful 
missions, especially when a large fan of possible trajectories is considered useful. The 
intermediate trajectories should be identified as those that overfly population centers 
where the population density divided by IIP rate is comparatively high. 


13.2 Trajectory Envelope Evaluation. 
The second step, in accordance with § 450.108(d)(7) is to ensure that all trajectories 
within the envelope described in paragraph 13.1 of this AC meet the risk criteria of 
§ 450.101(a)(1) or (b)(1) when analyzed as if it were the planned mission in accordance 
with § 450.213(b)(2), but applying the special conditions described here. This 
requirement should be met by evaluating the risk for a variety of normal and unintended 
trajectories, each with normal trajectory dispersions and accounting for failure modes 


4 The distinction between simulated and constructed is as follows: a simulated trajectory is a 
self-consistent physically-realizable trajectory, whereas a constructed (or “synthetic”) trajectory may be 
assembled by using state vectors from different trajectories at different times to define extremes, and thus 
is not necessarily physically realizable. 
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and planned events. The specific trajectories should be selected with the method 
described in paragraph 13.2 of this AC. Risk evaluation must follow a methodology for 
flight safety analysis consistent with § 450.115, with three special conditions. First, 
each selected trajectory should be evaluated as if it were the nominal trajectory, and risk 
should be computed considering normal trajectory dispersions. Second, this analysis 
need only evaluate collective risk metrics, not individual risks or high consequence 
events. Third, the failure probability may be allocated only to on-trajectory failures, as 
described in paragraph 13.2 of this AC. The third condition is a simplification that 
facilitates efficient analyses, which should only be used in cases where the 
“on-trajectory” failures occur on a trajectory that is the result of a malfunction (e.g. 
incorrect azimuth). 


13.2.1 Trajectory Selection. 
This analysis normally begins by analyzing the nominal, the edges of the envelope, and 
those trajectories which can lead to debris on the most densely populated areas. The 
assessment should also analyze trajectories that may concentrate hazards on significant 
populated areas, by having the slowest impact point traverse rate (longest dwell time) 
for the ballistic coefficients of fragments with significant consequence, a short time 
span of high probability of failure, etc. Particular attention should be paid to the impact 
areas associated with jettisoned items, especially if an unintended trajectory could 
place them over land instead of water, in accordance with § 450.133. 


complex envelope (e.g. gaps or special restrictions) may require a more extensive 
analysis to satisfy § 450.108(d)(7). For example, for overflight, an envelope analysis 
could be performed to show that a series of windows of azimuth are available, but 
flight is not allowed over the most densely populated cities. An even more complex 
example is an inland suborbital air-drop mission, where the envelope analysis could 
be performed to show that the drop point and ignition locations should be 
constrained to a certain volume, and then later in flight, trajectories can include 
larger volumes. 


• In order to accomplish § 450.108(c)(3), the analysis should also identify the portions 
of the envelope that approach an uncontrolled area with materially increased public 
exposure. It is often clear which areas are likely to be affected: overflight of 
continents and significant islands within the geographic extent of the useful 
missions. 


13.2.2 Failure Probability Allocation. 
There are different approaches to assessing a particular useful mission trajectory with 
respect to § 450.108(d)(7). 


separately, or just the most hazardous on-trajectory failure mode, while retaining the 
allocation with respect to the mission timeline for each failure mode being studied. 
This reduces the extent of the analysis compared to including off-trajectory failure 
modes but may require a different approach if conservatism results in non-
compliance with § 450.108(d)(7). If any on-trajectory failure mode is excluded, the 
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operator should provide evidence why the included failure mode(s) provide 
conservative results. 


• An operator may distribute the total failure probability across just the on-trajectory 
failure modes, while retaining the allocations with respect to the mission timeline 
and relative likelihoods of each of these failure modes. This reduces the extent of 
the analysis compared to including off-trajectory failure modes but may require a 
different approach if conservatism results in non-compliance with § 450.108(d)(7). 


• All on-trajectory and off-trajectory failures modes may be considered, retaining 
their allocations with respect to the mission timeline and relative likelihoods. 


Note: For all three approaches, allocation of the failure probability to flight time 
should be performed with the consideration for variability in the mission timeline.5 


When critical events on an examined useful mission trajectory differ from the nominal 
timeline, the allocation with respect to time should be adjusted to correspond correctly 
to the events. 


13.3 Evaluating Ending Flight Abort. 
An applicant frequently wishes to turn off the capability for flight abort for some period 
towards the end flight, such as in the period before reaching orbit. Normally, flight 
abort is ended prior to reaching orbit, in order to prevent accidental initiation of abort 
resulting in orbital debris. For landings, flight abort may also be ended prior to 
touchdown, in order to prevent accidental abort on the ground. 


13.3.1 Determining When Abort Can Be Ended. 
Determination of when flight abort may be ended should be evaluated by first selecting 
a set of trajectories that span the acceptable envelope identified in paragraph 13.2 of this 
AC. For each trajectory, the CEC vs. time (see AC 450.101-3 High Consequence Event 
Protection) should be computed for all foreseeable failure modes, back to the last key 
flight safety event, per § 450.108(e)(2). For each significant period of flight, the CEC
should be computed as if the termination system acted immediately upon failure, 


 
best( ), where t represents the time of failure. This is the minimum CEC that can be 


reasonably expected from taking abort action. Likewise, the maximum CEC over all other( ).other failure modes should be identified for each significant period of flight,  
Per the discussion in paragraph 11.2 of this AC, evaluation should be performed to 
determine if, at any time, abort would result in a material decrease in CEC. This occurs other( )>1E-3 and 


 
other( )>2 at any time that  


best( ). This time,  represents 
the earliest possible nominal time that abort could be ended. 


5 For example, for a failure where the vehicle thrust is degraded and engine shutdown may occur later than normal, 
the failure probability rate during the period of degraded thrust should consider that the total thrusting time is longer 
than for a normal flight. Also, failure rates for subsequent phases of flight should not be transitioned to until those 
phases begin on the new mission timeline. 
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13.3.2 Establishing a Conditional Limit. 
This time, , is then used to develop a conditional limit for the criteria where the 
flight abort will be ended. A conditional limit is based on other parameters, such as IIP 
or position. These should be established so that the nominal trajectory crosses them 
after . The conditional limit thus usually should be placed so that a nominal vehicle 
would cross it later in flight than the nominal time, and so that the failure trajectories 
that led to reducible CEC do not cross the conditional limit and potentially end the abort 
capability. These flight safety limits should then be evaluated to ensure that the CEC 
criteria for materially decreased, as discussed in the previous paragraph, are satisfied. 
This is especially important for failures that occur in the period just preceding the 
conditional limit. Conditional limits are further discussed in paragraph 13.9 of this AC. 


13.4 Acceptable Envelope Definition. 
The acceptable mission envelope is then determined by starting with the envelope of the 
limits of a useful mission and eliminating portions that would violate the collective risk 
criteria of §§ 450.101(a)(1) or 450.101(b)(1). The trajectories from the selection above 
that violate the risk criteria are used to describe what portions of the initial envelope 
should be removed. The remaining acceptable trajectory envelope encompasses only 
trajectories that meet the collective risk requirement, either when intentionally 
designated as the planned mission in accordance with § 450.213(b) or when the 
“nominal trajectory” is in fact an unintended trajectory that is the result of a malfunction 
(e.g. incorrect azimuth). 


13.4.1 African Overflight Example. 
A simple example of the application of this are missions from the Eastern Range that fly 
over Africa. Trajectories which overfly the coastal areas of Western Africa may meet 
mission objectives, but the risks associated with flying over these densely populated 
areas may exceed the risk criteria. Thus, the allowed envelope may need to be restricted 
to only trajectories which avoid overflight of these regions. 


13.4.2 Hazard Footprints and Debris Footprints. 
For evaluating hazard extent, a hazard footprint should be used. A hazard footprint is an 
extension of a debris footprint. A debris footprint is a geographic region containing, 
with at least 97% confidence, all the hazardous debris impacts resulting from an event. 
The debris footprint should be computed from the probability density distribution of 
debris impacts from an event (e.g. a breakup scenario). For flight safety limit 
evaluation, the debris footprint may be computed either by using a mean wind, and 
adding a ten-mile radius to account for wind variability, or using a more physically 
accurate modeling approach. A hazard footprint extends the debris footprint to include 
the region where the probability of casualty exceeds 1% from any impact included in 
the footprint (conditional on each impact), considering all hazards. The extended area is 
based on the distance from the impact location where a casualty could occur. For inert 
debris, one thousand feet may be assumed, or an analysis could demonstrate a smaller 
value. If propellant could remain at impact, the explosive radius and/or toxic cloud drift 
distance should be accounted for (these require analysis to identify the distance to the 
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1% probability of casualty). This distance should then be applied to expand the debris 
footprint polygon in each direction. 


13.4.3 Potential for Hazards in Uncontrolled Areas. 
The analysis must determine the specific limits that describe the portions of the 
envelope that lead to debris on such areas, in accordance with § 450.108(d)(2), which 
must consider all hazardous debris (as defined in § 401.7), in accordance with 
§ 450.135(b)(1). For downrange overflight of a continental area, the first state vector in 
a trajectory where a hazard footprint from an on-trajectory failure reaches an 
uncontrolled area defines the minimum state vector. It is best practice to leave a 
“near-shore gap” of at least 10 miles between the shoreline and the hazard footprint to 
protect local ship and boat traffic. These state vectors should be determined across the 
acceptable envelope of useful trajectories. Also, for an island or land overflight, the last 
state vectors for which the hazard footprint includes the landmass (including a 
near-shore gap) should also be identified. This identification includes development of a 
hazard footprint that accounts for all sources of dispersion. For an island, left and right 
extents of trajectories that would affect the island should be determined as well, again 
accounting for debris uncertainty. 


13.4.4 Categorizing State Vectors. 
The product of this analysis is the set of state vectors from all trajectories describing a 
useful mission that have acceptable risk. These will be used in the subsequent parts of 
this analysis to define the flight safety limits. Each state vector of the selected 
trajectories should then be identified in two ways. 


1. If it is in the portion of a trajectory that causes exceedance of the collective risk 
criteria. 


2. Whether a breakup at the state vector would lead to debris in an uncontrolled area. 


13.5 Identify Potential Flight Safety Limit Types. 
Federal Ranges have used different types of flight safety limits and flight abort rules 
depending on instrumentation available, the dynamics of the vehicle, and the geography 
of the region(s) being protected. Execution of the flight abort rules can be via a 
ground-based safety officer (e.g. Mission Flight Control Officer), an automated ground-
based system, an on-board autonomous flight safety system (AFSS), and/or a pilot. The 
flight abort rule types described in paragraph 13.5 of this AC apply to any of these types 
of systems. 


13.5.1 Flight Abort Rule Types. 
Flight abort rules fall into two categories. Rules monitor either vehicle health, 
regardless of the geographic position, or vehicle state vector (and their associated 
instantaneous impact point) relative to the environment. Flight safety limits are the 
quantitative criteria on which either type of rule is evaluated. 
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13.5.2 Vehicle Health Based Rules. 
Rules that are based on vehicle health must be used in order to ensure that the abort 
system is not compromised before an abort can be achieved and before reaching a flight 
safety limit, in accordance with § 450.108(c)(5), (d)(3), (f)(2)(ii), and (f)(2)(iii). 
Example metrics for this category include electrical power stability, vibration limits, 
thermal limits, acceleration limits, vehicle angular rate limits, sensor quality 
requirements, chamber pressure, and data loss. For qualified abort systems, the 
applicant should identify the vibration, thermal, and motion-based limits based on the 
qualification standards. Identification of such rules for a pilot-in-the-loop abort system 
is outside the scope of this advisory circular. Paragraph 13.13 of this AC discusses the 
development of the duration of acceptable data loss. Data consistency rules define the 
approach for dealing with inconsistent input data. This approach should include a voting 
scheme. In cases where all navigation data (GPS, IMU, etc.) is lost, abort must occur in 
accordance with the duration of acceptable data loss, in accordance with 
§ 450.108(f)(2)(iii). 


13.5.3 Vehicle State Vector Guidelines. 
Rules based on vehicle state vector and associated IIP should aim to meet the following 
pragmatic guidelines to achieve the flight safety limits objectives and constraints. It is 
also helpful for the applicant to allow for accurate prediction of the hazard location with 
adequate time to allow rerouting of aircraft, when real-time aircraft hazard mitigation is 
used. 


1. Ensure the vehicle moves downrange (when applicable). 


2. Prevent significant cross-range deviations. 


3. Prevent intact impact with significant remaining propellant. 


13.5.4 Most Common Flight Safety Limit Types. 
The most common types of flight safety limits are the following. In many cases, debris 
containment and risk requirements can be met with a combination of only these three 
types. 


1. Maximum altitude vs. downrange limits, to meet guideline 1. 


2. Fixed Termination Line based on Instantaneous Impact Points (IIP), either based on 
vacuum or drag-corrected prediction, to meet guideline 2. 


3. Minimum altitude vs downrange distance, to meet guideline 3 and assist with real-
time aircraft hazard mitigation. 
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13.5.5 Less Common Flight Safety Limit Types. 
Other types of flight safety limits are less commonly used: 


1. Moving termination lines based on IIP6, to meet guidelines 1, 2, 3, and assist with 
real-time aircraft hazard mitigation. 


2. Azimuth limits, based on vehicle velocity vector to meet guideline 2. 


3. Flight path angle limits, to meet guideline 3 and assist with real-time aircraft hazard 
mitigation. 


4. Fixed minimum altitude, if the vehicle is falling, to meet guideline 3. 


5. Optical tracking systems (skyscreens) to meet guidelines 1, 2, and 3 in the launch 
area. 


13.5.6 Flight Safety Limits Constraints. 
In accordance with § 450.108, there are also two constraints that must be considered 
when developing flight safety limits of any of the types above, when containment is not 
achieved. Conditional limits (see paragraph 13.9) are usually also a part of the strategy 
to meet these constraints: 


1. In accordance with § 450.108(d)(6), do not abort in areas that would increase the 
collective risk (measured with CEC) to the public in uncontrolled populated areas, 
compared to continued flight. 


2. In accordance with § 450.108(c)(4), do not abort in areas that would exceed 1 x 10-2 


conditional expected casualties for off-trajectory failure modes. 


13.5.7 Flight Safety Limit Types not addressed in this AC. 
The above types are described in this document and explained in more detail in 
paragraph 13.8 of this AC. Other types of limits include seawalls, retrograde IIP, and 
present-position-based termination lines, but these are not common and not further 
discussed. Vertical plane charts and straight up times are not discussed. They are only 
used for historical reasons and have generally been found to be redundant with other 
simpler or more versatile rules. Finally, “obviously erratic” rules are usually in place 
when abort action is initiated by a human, which can help to prevent loss of command 
capability for ground-based systems to meet § 450.108(c)(5) and (f)(2)(ii), but these 
cannot be relied on in a safety analysis, due to the ambiguity as to when they would be 
violated. Any similar rule should be based on parameters that can be measured (such as 
body rates) with limits based on negative outcomes when exceeded (such as loss of FSS 
control). The selection of the flight abort rule types typically depends on range 
equipment or AFSS design, but the collective set must meet the requirements of 
§ 450.108. 


6 An example of moving IIP limits are what has historically been called “chevrons.” 
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13.6 Determining Abort System Latency. 
A time delay analysis must determine the abort system latency, including uncertainties, 
in accordance with § 450.108(d)(4). See paragraph 10.4 of this document for the 
considerations in determining latency. The delays should be determined through system 
testing and should consider any changes during flight, such as longer communication 
paths or retransmission points. An adequate analysis should diagram all steps in the 
process and determine delays from each part, with a resolution of 0.1 second or better. 
The uncertainty in the delay must also be determined to meet § 450.108(d)(4). For 
autonomous systems, a one-sigma uncertainty in the total time delay of 0.1 seconds is 
typical. When a human is in the loop, the uncertainty is much larger. 


13.7 Buffer Development. 
Mission assurance is benefited when there is margin between flight safety limits and 
vehicles on a potentially useful mission. Therefore, a buffer between the trajectories that 
define the limits of a useful mission and any flight safety limit may be used when the 
hazard footprint does not intersect populated areas. When the hazard footprint from the 
normal trajectory does intersect populated areas, then risk evaluation should be done to 
determine the optimal location for flight safety limits. 


13.7.1 Malfunction Trajectories. 
To determine the buffer, malfunction trajectories for the failure mode that leads to the 
most rapid credible deviation of the vehicle from the normal flight envelope should be 
used. The failure that generates this is typically a guidance system failure that aims the 
vehicle in a new direction and turns the vehicle as fast as physically possible in that 
direction. Ideally, in that simulation, the vehicle attitude is controlled to ensure that 
structural limits are not exceeded during the failure. In many cases a simpler model is 
used that simply turns the vehicle as fast as the control system will allow (or even 
immediately). The initiation times for trajectory generation should occur at sufficiently 
frequent intervals from launch until the vehicle is orbital or returns to ground. Sufficient 
frequency for low thrust-to-weight ratio (e.g. less than three) flight periods is typically 
one second or less near significant exposure areas or any maneuvers, and five seconds 
or less during steady state—but may need to have higher frequency for high thrust-to-
weight vehicles in accordance with § 450.119(b)(3). See AC 450.117-1, Trajectory 
Analysis, for more information on malfunction trajectory generation. 


13.7.2 Determining Minimum Buffer. 
The buffer is based on the minimum malfunction duration. This minimum should 
always be accounted for—that is flight safety limits should always include this buffer, 
but sometimes it is not necessary to explicitly follow the process described below. To 
determine the minimum buffer, use the following steps: 


1. Define a target time delay duration between the onset of a failure and the initiation 
of flight abort. Typically, no less than the desired minimum data loss flight time, e.g. 
5 seconds. 


2. Generate failure trajectories that deviate as rapidly as physically possible (i.e. the 
vehicle could fly and remain substantially intact) from the envelope of trajectories 
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as described above. The duration of the failure trajectories after failure initiation 
should extend at least up to the maximum time delay duration from step one. 


3. Capture all the potential mid-flight state vectors that are predicted during each 
failure trajectory flyout, with a frequency of one hertz or better, typically at intervals 
shorter than the minimum time delay duration divided by ten. State vector data to be 
captured should include any data that is expected to be tested in a flight safety limit 
(e.g. position, velocity, acceleration, orientation, and angular velocity, as required 
by the selected flight abort rules). 


4. If flight safety limits are based on instantaneous impact points (IIP), compute the IIP 
for all captured state vectors using an equivalent algorithm and parameters as will 
be used in the real-time mission to evaluate the flight abort rule. IIP prediction may 
be a Kepler propagation (although this is significantly different from the actual 
impact point), a vacuum propagator accounting for the J2 term of gravity, or with a 
three-degree-of-freedom (position but no orientation) simulation accounting for drag 
(either with constant ballistic coefficient or with a drag coefficient depending on 
speed). Importantly, the applicant should use the same methodology in planning as 
will be used by the real-time system to evaluate any flight abort rules based on IIP. 


13.7.3 Determining Maximum Buffer. 
The maximum buffer is for periods of flight when the hazard footprints from normal 
trajectories are not close to uncontrolled areas. When they are close to uncontrolled 
areas, a risk based approach should be used to identify good placement of flight safety 
limits, i.e. “contain if you can, otherwise use risk.” Hazard footprints should be 
computed for sufficient failure trajectory state vectors to enable identification of the 
region that could lead to hazards reaching uncontrolled areas. The steps are: 


1. Generate failure trajectories that deviate as rapidly as physically possible from the 
edges of the envelope of trajectories as described above. Adequate sampling should 
be used both in failure time and in the plane of the turn failure. 


2. Identify the last state vector in each failure trajectory where the hazard footprint 
does not reach an uncontrolled area. Failure trajectories which would result in 
structural failure of the vehicle prior to the footprint reaching uncontrolled areas 
may be discarded. 


3. This set of last state vectors should be used when developing a maximum buffer for 
flight safety limits. 


13.8 Defining the Quantitative Parameters of the Flight Safety Limits. 
The general process for determining quantitative parameters of flight safety limits is to 
identify an envelope in the appropriate projection/transformation of state vectors for 
each limit type (recall that one limit type is not generally sufficient to meet all of the 
flight abort objectives and constraints). This envelope, which should define a 
continuous line (e.g. defined by IIP), becomes a flight safety limit. 
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13.8.1 Four Types of Trajectory State Vectors. 
There are four types of trajectory state vectors that result from paragraph 13.2, 
Trajectory Envelope Evaluation of this AC. (For this discussion, the “uncontrolled 
areas” also includes the near-shore gap discussed in paragraph 13.4 of this AC). 


1. Within normal flight (as defined in § 401.7) which:


a. Do not result in hazardous debris effects in uncontrolled areas with 97%
confidence of containment (“Type 1a: normal/no risk”).


b. May result in hazards in uncontrolled areas (“Type 1b: normal/with risk”).


2. Outside normal flight but inside the acceptable useful mission envelope which:


a. Do not result in hazardous debris effects in uncontrolled areas (“Type 2a:
useful/no risk”) with 97% confidence of containment.


b. May result in hazards in uncontrolled areas (“Type 2b: useful/with risk”).


13.8.2 Three Sets of State Vectors. 
There are (potentially) three sets of state vectors from paragraph 13.7 of this AC (Buffer 
Development). 


• Set A: Within a short duration failure from the normal envelope, inside the 
minimum buffer, from paragraph 13.7 of this AC (but not also in set C). 


• Set B: From extreme failures that lead to debris in uncontrolled areas 
from paragraph 13.8 of this AC (but not also in set C). 


• Set C: That meet both conditions. 


13.8.3 State Vectors Projected onto Planes. 
An applicant should project or transform the state vectors in these datasets on to 
two-dimensional planes corresponding to the independent variable(s) and metrics of the 
flight safety limits identified in paragraph 13.5 of this AC. Examples of all of these are 
shown in the following figures for an sample mission from Wallops Flight Facility that 
flies over a portion of South America. 


13.8.3.1 Figure 13-1 of this AC illustrates the trajectories for Types 1a and 1b, 
within the expected normal trajectory variation, i.e. due to guidance and 
performance uncertainty. The green points are from Type 1a: normal/no 
risk, for which the vehicle hazards do not affect an uncontrolled area, and 
the blue are for state vectors were the hazards do intersect uncontrolled 
areas (Type 1b: normal/with risk). These are shown projected in two ways; 
the left one is an altitude vs downrange distance plot, and the right one 
shows instantaneous impact points on a map. Both views could be used for 
defining abort limits. For this trajectory set, no hazardous debris impacts 
affect uncontrolled areas early in flight, but only during this segment of 
overflight of South America. This demonstrates where to locate the 
conditional limit. It should be near the latest green state vector that is the 
last one before the blue points adjusted for the abort system latency. For 
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example, if the latest green state vector is for T+230 seconds and the 
latency is 2 seconds, the conditional limit would be placed at the state 
vector at T+228 seconds for this trajectory on this azimuth. 


Figure 13-1: Projected points in the Normal Trajectory Range 


13.8.3.2 The points from Type 2 are shown in Figure 13-2 of this AC and represent 
the range of useful missions. The mission spread is much wider, 
presuming that a later correction could allow the payload to reach the 
correct orbit or that a range of orbital inclinations would still result in a 
useful mission. An applicant would analyze these trajectories in 
accordance with paragraph 13.2 of this AC to determine that the collective 
risks for each one is acceptable. The orange points are those that do not 
have hazards impacting in uncontrolled areas (Type 2a: useful/no risk), 
whereas the red ones do (Type 2b: useful/with risk). 
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Figure 13-2: Projected points in the Range of Useful Missions 


13.8.3.3 The sets that result from failure trajectories (sets A, B and C) are shown in 
Figure 13-3 and Figure 13-4. Figure 13-3 shows the launch area. In this 
example, the uncontrolled area includes a 10 mile offset from the coast, 
except there is a gap directly off the coast of the launch facility. There are 
many failures (purple dots, set B & C) that can reach uncontrolled areas. 
The IIP (right plot) shows that these are outside the short duration failures 
(yellow, set A), thus it is possible to use IIP limits that provide a sufficient 
buffer around useful missions while still protecting uncontrolled areas. 
This would not be possible using only altitude versus distance limits. This 
is illustrated by the yellow dots overlapping the purple dots. This of course 
occurs since failures that reach uncontrolled areas are primarily going 
crossrange, which this projection cannot depict. This is the reason that 
elevation limits are typically coupled with azimuth limits or with 
IIP-based limits. Altitude vs. distance limits can be developed to control 
failures in some directions, provided they do not abort trajectories within 
the normal envelope. 
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Figure 13-3: Projected points for Failure Trajectories, Launch Area 


13.8.3.4 Figure 13-4 shows the same sets as the previous figure, but now for the 
downrange area. The uncontrolled region through which useful missions 
pass has been excluded. These figures would allow setting flights safety 
limits for both IIP and range versus altitude. 


Figure 13-4: Projected points for Failure Trajectories, Downrange 
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13.8.4 Establishing Flight Safety Limits from State Vector Projections. 
For all flight safety limits (FSLs) a piecewise continuous series of line segments should 
be created using the data shown in the plots above. For mission assurance purposes, the 
line segments would typically be outside the points for normal and useful trajectories 
(sets 1 and 2) and short duration failures (set A). The FSL line segments should also be 
inside the set of points for extreme failures (set B), but in some cases this is inconsistent 
with being outside the first group; in this case a combination of flight safety limits 
should be used in conjunction. This process prevents continued flight from increasing 
risk in uncontrolled areas if the vehicle is unable to achieve a useful mission, in 
accordance with § 450.108(c)(2). If there are points inside the normal or useful missions 
that impact uncontrolled areas with materially increased public exposure (sets 1b and 
2b), a conditional limit must be established, in accordance with § 450.108(c)(3). 
Conditional Limits are discussed in paragraph 9.4 of this AC. The number of line 
segments may be limited by the system used to evaluate the rule (display or automated 
algorithm, where limits may be due to memory space, computation time, or complexity 
of display). 


13.8.5 Maximum Altitude. 
A maximum altitude limit is simply a limit where the vehicle’s position must be below 
a line which is a function of downrange distance. The trajectory points described above 
are converted into the altitude vs. downrange coordinate system (as illustrated in the 
figures above). The definition of downrange should correspond to the algorithm that 
will be used to evaluate the rule in real-time; it may be either a tangent-plane 
downrange distance or a great circle arc-distance. The envelope is the line drawn above 
the normal trajectory points, subject to the rules in the conditions above. 


13.8.6 Minimum Altitude. 
The minimum altitude limit is analogous to the maximum altitude limit, and a similar 
process is used to create it, but with a few additional considerations. There are 
competing objectives on how low of an altitude to set the flight safety limit. For a 
termination that results in an explosive destruct, which leads to significant imparted 
velocities, activation in the upper atmosphere or above can cause a large spread of 
debris, thus subjecting a larger area to hazardous debris impacts, contrary to safety 
goals. However, allowing a wayward, but controlled, vehicle (such as due to a guidance 
programming error) to descend leads to inability to predict the location for a very 
hazardous object in time to warn aircraft. In this situation, it is likely better to terminate 
flight, so that the hazarded region can be better predicted, in order that aircraft can be 
moved. The minimum altitude rule can be effective at mitigating the hazards from an 
intact impact with significant remaining propellant, including near-field and far-field 
blast overpressure. 


13.8.6.1 If a vehicle is falling and no longer thrusting and without significant lift 
capability, and the abort is destructive, then it is usually better to let it 
continue to fall and terminate at a low altitude. Thus, in these situations an 
operator should have separate rules for vehicles that have lost thrust than 
those that are thrusting. For non-destructive abort (e.g. fuel venting), there 
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is no need to wait to terminate flight, because the resulting debris will not 
significantly spread, and therefore abort should occur as soon as a 
violation occurs. 


13.8.6.2 The minimum altitude rule can be effective at mitigating the hazards from 
an intact impact with significant remaining propellant, including near-field 
and far-field blast overpressure. 


13.8.7 Fixed IIP Limit. 
A fixed IIP limit is a geographic boundary where the vehicle’s instantaneous impact 
point (vacuum or accounting for drag) must remain inside. To create fixed IIP-based 
limits, the process is similar to the altitude limits, except now a closed “hull” is created. 
The collection of IIPs associated with the appropriate sets of state vectors is used. The 
IIPs should be transformed to an azimuthal equidistant projection, with the origin at 
some point along the nominal trajectory (normally the launch point), in order to 
adequately account for the curvature of the Earth’s surface. A polygon containing all the 
IIPs defines the hull. A limited number of vertices are used, in order to not cause 
problems for computation time or displays. Usually the created hull is convex but this is 
not required. The vertices are translated to geodetic coordinates and the flight safety 
limits are great circles that connect these coordinates. 


13.8.8 Moving IIP Limit. 
A moving IIP limit is an extension of the fixed IIP limit concept. Moving IIP limits are 
simply a set of fixed IIP limits that are each active for a specific time period (or other 
independent variable). Chevron lines, as have been used at the Eastern Range for many 
years, are an example of moving IIP limits. Moving IIP limits have the advantage that 
they can meet nearly all the guidelines described above and could in some situations be 
sufficient to meet § 450.108(c)(1), (c)(2), (c)(3), (c)(4) and (c)(6) without any other 
flight safety limits. They contain the IIP at a specific location as a function of time, 
vehicle speed, or other variable. Thus, an uprange deviation, a downward (or slow) 
vehicle, and cross-range deviations all may violate the limit, depending on how the 
moving IIP limits are designed. To develop moving IIP limits, a similar process may be 
used as for fixed IIP limits except that time filtering is now performed (reference 
paragraph 13.8 of this AC). Therefore, the analyst should first define the time interval 
between moving IIP limits. This is normally the same as the time delay duration 
identified in paragraph 13.7 of this AC. For each time interval, all the points which have 
a flight time in the interval are used, then a hull surrounding the points is created 
(usually in an equidistant azimuthal projection). The moving IIP limits then are 
activated by the real-time system during the relevant interval. 


13.8.9 Azimuth Limit. 
An azimuth limit constrains the azimuth (angle in the horizontal plane) of the vehicle’s 
velocity vector to be within predefined limits during a specified duration of flight. The 
limits are given as “left” and “right” azimuths and are calculated in an equidistant 
azimuthal coordinate system with the origin at the launch point. Usually the limits are 
given relative to the nominal trajectory azimuth but may be given as azimuth from 
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north. The azimuth limit is usually constant, starting from vehicle tip-over and 
extending until the vehicle has reached a certain downrange distance or a certain time of 
flight, usually just in the launch area. The same process as is used for other limits can 
also be used, where the limit azimuths are found by plotting the vehicle azimuth as a 
function of flight time or downrange distance. 


13.8.10 Flight Path Angle Limit. 
A flight path angle limit references the angle of the vehicle’s velocity vector relative to 
the local horizontal and is usually defined as a function of flight time or downrange 
distance. There may be both minimum and maximum flight path angle limits. This limit 
type is very helpful after a vehicle has pitched over to quickly identify a malfunction 
that causes the vehicle to accelerate downward, which is useful for protecting aircraft. 
This limit type may be more effective than a minimum altitude limit for early flight 
loss-of-thrust events. A flight path angle limit is created in the same method as above on 
a two-dimensional surface where flight path angle is a piecewise continuous function of 
either time or downrange distance below (and/or above) the nominal flight path. 


13.8.11 Skyscreen. 
A skyscreen is a human visual observation facility that is arranged to constrain the 
vehicle’s azimuth and elevation as viewed from a particular location(s). A skyscreen is 
also referred to as “the wire.” The observer’s viewpoint is aligned through a physical 
guide, toward the expected flight field, with the bounds of an acceptable flight 
demarcated across this field of view (by using wires or ropes strung across a truss 
structure, ink lines drawn on a transparent plate, or similar physical cues for the flight 
envelope). Usually a back azimuth observer is used, viewing along the vehicle launch 
azimuth, while a cross-range observer verifies that the vehicle has initiated the pitch 
program properly, is moving downrange, and is flying between its upper and lower 
altitude bounds. 


13.8.11.1 The skyscreen method is usually a backup or supplement to more 
technological systems, as it only works when weather, distance, and 
vehicle acceleration are compatible with the human eye’s ability to track 
the vehicle. The abort instruction is usually communicated to the safety 
officer with a handheld radio, so this method may also have a slower 
response than some flight safety systems (such as AFSS), while 
potentially having a faster response than other flight safety systems (such 
as when multiple tracking screens and multiple telemetry sources should 
be double-checked, before abort). 


13.8.11.2 To develop the limit, for each observer location the azimuth and elevation 
angles for the state vector sets are computed. Then a set of connected line 
segments, one to the left and one to the right (which transition to above 
and below for a cross-range observer) of the points is identified. These 
bounds are represented on the observer’s physical view field, allowing 
visual identification of a flight, which is violating this envelope. 
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13.9 Conditional Limits. 
There are three purposes of conditional limits: 1) to avoid aborting a vehicle in a region 
of elevated public risk, 2) to prevent a vehicle that cannot achieve a useful mission from 
hazarding uncontrolled areas, when the option exists to abort the vehicle before such a 
hazard is possible, and 3) to avoid discontinuation of flight abort capability prematurely 
during the flight of an malfunctioning vehicle. A conditional limit is a flight safety limit 
for which abort occurs only if the vehicle is not performing within expected parameters 
and should be used to comply with § 450.108(c)(3) and (e). If a critical vehicle 
parameter is outside its pre-established expected range or indicates an inability to 
complete flight within the limits of a useful mission, then flight abort is initiated. 
Conditional limit replaces the term “gate,” which does not have a consensus definition. 


13.9.1 Placement of Conditional Limits. 
In accordance with § 450.108(c)(3), conditional limits should be placed prior to a period 
of materially increased public exposure, as discussed in paragraph 9.4 of this AC. The 
trajectories used to compute the CEC and collective risk should be selected to pass 
directly over the region of exposure but treated as though they were the planned 
trajectory, consistent with the technique described in paragraph 13.2 of this AC. 
A minimum requirement of § 450.108(c)(3) is that the vehicle must be able to achieve a 
useful mission where risk is acceptable after passing through the limit (see paragraph 
13.2 of this AC). 


13.9.1.1 When a conditional limit is used, the conditional limit segment should be 
located so that all acceptable useful mission trajectories pass through the 
conditional limit prior to the period of materially increased public 
exposure or achieving orbit. Similarly, in accordance with § 450.108(d)(7) 
all unacceptable useful mission trajectories must reach a flight safety limit 
prior to the period of materially increased public exposure if the period of 
exposure would cause the entire trajectory to exceed the risk limits in 
§ 450.101(a)(1) or (b)(1). This may result in some trajectories in a fan of 
useful mission trajectories reaching a conditional limit while others reach 
hard flight safety limits that are contiguous with the conditional limits. An 
operator may choose to abort some vehicles outside of the normal mission 
envelope but within the limits of a useful mission if a conservative 
approach is preferred when approaching a period of materially increased 
public exposure, even if the trajectory does not require abort in accordance 
with § 450.108(d)(7). In accordance with § 450.108(d)(6), such aborts, 
like all aborts, must not increase collective risk to the public in 
uncontrolled areas compared to continued flight. Paragraph 13.7 of this 
AC discusses how to identify the range of state vectors within the 
trajectory envelope, which can hazard uncontrolled areas. A conditional 
limit should be located in advance of these state vectors for each trajectory 
in accordance with § 450.108(c)(3). 
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13.9.1.2 For an orbital launch, the conditional limit to determine the ability of a 
vehicle to reach a minimum safe orbit should be placed as late as possible 
but may be influenced by factors such as the imminent loss of flight abort 
control; the narrow range during which to evaluate the flight against the 
criteria used to judge performance; the presence of a period of materially 
increased public exposure just prior to orbital insertion, etc. 


13.9.2 Extents of Conditional Limits. 
Conditional limits should be no wider than the extent of the acceptable useful mission 
trajectories plus the uncertainty in tracking (which is typically very small), and not 
include any buffer from paragraph 13.7 of this AC. This is consistent with 
§ 450.108(c)(2) which requires flight abort in order to prevent continued flight from 
increasing risk in uncontrolled areas if the vehicle is unable to achieve a useful mission. 
For some unique mission profiles, it may be possible for vehicles outside the limits of a 
useful mission (for example, outside of the useful azimuth range) to pose a smaller risk 
through continued flight than through flight abort when approaching a period of 
materially increased public exposure. Such trajectories would have to have some 
exposure to the public at the location of the conditional limit, otherwise abort would 
reduce the risk prior to the period of increased exposure. An operator should search for 
better locations to place the conditional limit, before deciding that continued flight 
presents the lowest risk for a trajectory that can no longer achieve an objective. 


13.9.3 Fundamental Geometries of Conditional Limits. 
A conditional limit can occur in four fundamental geometries. 


13.9.3.1 No Flight Safety Limits Subsequent to Conditional Limit. 
A first geometry is when there are no flight safety limits subsequent to the 
conditional limit, which is the typical case when ending flight abort in 
accordance with § 450.108(e). This is a typical “head-on gate” or “orbital 
gate”, such as those used for flights from the Eastern Range that overfly 
Europe or Africa. The flight safety limits typically have a significant 
buffer around normal flight while over broad ocean areas, but then come 
together where there is a narrow conditional limit, as shown in Figure 
13-5. This conditional limit should be placed prior to any of the state 
vectors that can lead to hazardous debris effects in uncontrolled areas. 
When a conditional limit of this type is reached, the flight safety system is 
usually safed. The point in the trajectory where the vehicle performance 
and health are assessed may be prior to the conditional limit, or the 
conditional limit may be moved uprange, if the ability of a vehicle to reach 
orbit is best measured at a location other than at a flight safety limit placed 
to contain debris. In this case, the location where the parameters used as 
metrics for the ability to reach orbit are measured may be followed by 
flight safety limits that provide debris containment up until a period of 
overflight, when the flight safety limits would cease and no abort would 
occur. The significant buffer around normal flight is acceptable over the 
broad ocean areas because continued flight does not increase risk to 
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uncontrolled areas in this case, and because the vehicle could potentially 
recover from a perturbation and resume flight within the limits of a useful 
mission. 


Note: All lines are in impact point space. Brown is nominal, blue is 
envelope of useful missions, red are fixed IIP limits, and green is the 
conditional limit. 


Figure 13-5: Example of head-on Conditional Limit 


13.9.3.2 Conditional Limits for Uncontrolled Areas Encompassed by Limits of 
a Useful Mission. 
A second geometry is when the uncontrolled area is completely 
encompassed by the envelope of useful missions, such as an island. This is 
typically used by the Eastern Range around Bermuda. In this case, the 
entire island is surrounded by a conditional limit where abort occurs when 
entering the region if the vehicle is not within expected parameters. Inside 
this region is a region where no abort should occur because continued 
flight is likely to reduce risk as compared to aborting near Bermuda. 
Normal flight safety limits still exist further to the left and right of the 
region. This is illustrated in Figure 13-6 of this AC. 
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Figure 13-6: Example of Conditional Limit Around an Island 


13.9.3.3 Conditional Limits for Limits of a Useful Mission Encompassed By 
Uncontrolled Areas. 
A third geometry is when the uncontrolled area has greater lateral extent 
than the range of useful missions, but the vehicle will traverse the 
uncontrolled area before reaching orbit or ground impact as illustrated in 
Figure 13-7 of this AC. In this case, there should be a conditional limit 
prior to the uncontrolled area crossing, a region where limits are carefully 
examined to ensure abort reduces risk over continued flight, and then 
return to a typical abort region after the uncontrolled area crossing is 
complete. The exact location of flight safety limits in this example should 
be established in such a way as to minimize the possibility of an abort 
increasing risk over allowing continued flight, in order to 
meet§ 450.108(d)(6). This may require additional analysis, and the best 
approach may be to allow the flight to continue if it exits the limits of a 
useful mission after it passes the conditional limit. The best approach may 
vary depending on the direction that the vehicle deviates. 
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Figure 13-7: Conditional Limit Region around Uncontrolled Area 


13.9.3.4 Mixed Conditional Limits. 
The fourth geometry is a combination of geometries two and three. One 
way this occurs is when an uncontrolled area extends only to one side of 
the envelope. This has been used by the Eastern Range for northerly 
azimuth flights that fly along the coast of North America and is commonly 
called a “lateral gate.” This is illustrated in Figure 13-8 of this AC, where 
the hashed box shows an area where flight safety limits should be 
carefully evaluated to ensure abort reduces risk. 
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Figure 13-8: Mixed Conditional Limits 


13.9.3.5 Mixed Conditional Limits where Flight Safety Limits Should be 
Expanded. 
A similar situation occurs when an island is near the edge of the range of 
useful mission trajectories. Effectively this results in the same geometry 
results. However, in this case the flight safety limit should typically be 
expanded (unless it is protecting other uncontrolled areas) to avoid debris 
impacting on the island from an abort, in accordance with § 450.108(d)(6). 
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13.9.4 Multiple Conditional Limits. 


A mission may have more than one period of overflight over an uncontrolled area, and 
in these cases, conditional limits may need to be drawn at the start of each uncontrolled 
area crossing to meet § 450.108(c)(3). Periods of materially increased public exposure 
should be separated depending on whether it is possible to initiate flight abort between 
them while not increasing risk to uncontrolled areas through abort. For example, a 
series of islands may be too closely spaced to implement abort as the hazard footprint 
moves from island to island, until the hazard moves away from the last island. These 
islands should be assessed collectively when deciding if they represent a period of 
materially increased public exposure. If there is an opportunity to initiate abort between 
periods of materially increased public exposure without increasing risk to uncontrolled 
areas, the regions of exposure should be assessed separately when deciding whether to 
protect them with conditional limits. While the above examples have all been 
represented geographically, conditional limits may be developed for other types of 
flight safety limits using the same approach. 


13.9.5 Parameters Used for Flight Abort Decision. 


In accordance with § 450.108(c)(3), abort action is taken at a conditional limit to 
prevent the vehicle from entering a period of materially increased public exposure in 
uncontrolled areas, including before orbital insertion, if a critical vehicle parameter is 
outside its pre-established expected range or indicates an inability to complete flight 
within the limits of a useful mission. Likewise, § 450.108(e) requires the equivalent 
verification of critical parameters prior to ending abort. Paragraph 9.4 of this AC 
discusses an acceptable means for selecting critical parameters and their associated 
values. 


13.10 Validating Rules. 
It is critical to validate the rules to satisfy § 450.108(f)(1) and (d)(6). There are two 
important validations.


input data and effect the abort in accordance with § 450.108(f)(1). To verify that the 
system can support the rules, if the abort decision is not on the vehicle, then the 
communication of an abort signal to the vehicle must be ensured. For telemetry 
data, the ability of the ground station to receive the data, including geometry 
considerations and atmospheric and plume attenuation effects should be accounted 
for. 


• Second, although it is rarely an issue with modern measurement systems, it should 
be ensured that the uncertainty in the measurements does not pose an unacceptable 
possibility of rule violation for an acceptable useful mission. An unnecessary abort 
caused by measurement error would potentially violate § 450.108(d)(6). 


• Each rule should be validated following a testing plan to ensure that their 
implementation within software or incorporation with hardware systems is 
functional. This testing should be repeated at various stages of development and 


49 


• First, the rules must be able to be implemented by the system used to obtain the 







07/27/2021 AC 450.108-1


implementation to ensure that they remain functional as operations commence. 
Testing of software should be performed in accordance with AC 450.141-1. 


13.11 Verifying Risk Reduction. 
This paragraph and its subparagraphs discuss two approaches to verifying that limits are 
not increasing risk, to meet § 450.108(d)(6): by inspection (i.e. when hazardous debris 
from abort at flight safety limits is contained with at least 97% confidence with respect 
to uncontrolled areas) and by numerical analysis (compare CEC of each failure 
trajectory with and without abort). 


13.11.1 Verification by Inspection. 
In many cases, it can be easily shown that flight safety limits do not increase risk, and in 
fact reduce risk. For most missions, most of the hazards from abort are contained to 
broad ocean or controlled areas. Except in the launch and landing area, this can be 
demonstrated by examination of the debris ellipses resulting from abort scenarios. If 
they are clearly separated from uncontrolled areas, then the risk is de minimis, and then 
risk has clearly not been increased. In some situations, a similar approach can be used, 
even if the debris ellipses slightly impinge on uncontrolled areas, when it is clear that 
risks would be increased (or at least cannot be reduced) if the safety limits were moved. 
An example of this is near overflight of Bermuda from the Eastern Range. If the limit of 
a useful mission pass over the island, flight abort would increase risk if action were 
taken as soon as the vehicle departed from the limits of a useful mission. In this case, 
flight safety limits could be moved further away from the normal flight envelope 
without exposing additional uncontrolled areas. The figure below illustrates how the 
debris footprints can be confirmed to not touch the island after flight is aborted using 
flight safety limits that are designed to avoid abort over Bermuda. In this example, the 
margin between the island and the footprint is minimal, and could be improved with 
further edits to the flight safety limits. 
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Figure 13-9: Risk Reduction by Inspection 


13.11.2 Verification by Numerical Analysis. 
For other situations, a numerical analysis should be used to meet § 450.108(d)(6) 
because inspection is not conclusive. In this case, for each simulated failure trajectory 
used in the risk analysis, the risk with the abort system activating and with it failing 
should be compared. The conditional risk for each trajectory should be equal to or less 
than allowing flight to continue. If the abort has higher risk than continued flight, then 
the flight safety limits should be adjusted. If these cases are found, the process should 
return to at least paragraph 13.8, or if there is no solution with the flight abort rule set 
chosen, paragraph 13.5 of this AC. 


13.12 Assessing Residual Risk. 
The rules then should be incorporated into the flight safety analysis, where the limits are 
applied to all trajectories, and the residual risk computed. Residual risk is the risk that 
remains after all hazard controls have been accounted for in the flight safety analysis. 
Accounting for flight abort includes accounting for the flight safety limits (paragraphs 
13.8 and 13.10 of this AC), the reliability of the flight safety system (paragraph 10.5), 
and the outcome of the abort action (paragraph 10.2). 
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13.12.1 Compliance with Flight Safety Criteria. 
There are several risk metrics that must be verified in accordance with § 450.115(a), 
using the flight safety analysis method appropriate to the determined level of fidelity: 


including people in both controlled and uncontrolled areas, and both the general 
public and neighboring operations personnel, 


• That the individual risk criteria in § 450.101(a)(2) or (b)(2) can be met through 
acceptable mitigations (such as keep-out areas), including people in both controlled 
and uncontrolled areas, and both the general public and neighboring operations 
personnel, and 


• That critical assets are adequately protected, in accordance with § 450.101(a)(4) or 
   (b)(4). 


mission, including debris (§ 450.135), far-field blast overpressure 
(§ 450.137), and toxic (§ 450.139) risk analyses. These analyses aggregate
results from all phases of flight. If the risk criteria are not satisfied, the
limits of a useful mission and/or flight safety limits may be modified, and
the flight safety limits analysis described in this paragraph should then be
performed again.


13.12.1.2 To ensure compliance with individual risk and aircraft risk requirements 
(§ 450.101(a)(2) and (3) or § 450.101(b)(2) and (3)), the development of
flight hazard areas must also account for flight abort for each phase of
flight where it is used in accordance with § 450.133(a)(2). If practical
flight hazard areas cannot be developed such that these safety criteria are
met, the limits of a useful mission and/or flight safety limits may be
modified, and the flight safety limits analysis described in this paragraph
should then be performed again.


13.12.2 High Consequence Event Protection. 
In addition, for each phase of flight, the residual risk analysis must either demonstrate 
containment with a highly-reliable FSS in accordance with § 450.108(c)(6) or be in 
compliance with high consequence event protection requirements in accordance with 
§ 450.108(c)(4), as discussed in paragraph 9.5 of this AC.


13.12.2.1 Containment. 
To demonstrate containment for a phase of flight, the analysis must 
demonstrate that no flight abort or other event results in hazardous effects 
in uncontrolled areas, per § 450.108(c)(6). For phases including overflight 
of uncontrolled areas, this option cannot be used, as hazards cannot be 
contained. It may also be impossible in launch or landing areas, as 
containment may not be achieved. To demonstrate compliance with this 
approach, an analysis should compute hazard footprints for the worst-case 
breakup scenario. The hazard footprints should be computed for failure 
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trajectories that initiate at a maximum of one second intervals and 
approach flight safety limits at the most rapid pace (i.e. random attitude 
trajectories where the IIP trace is most perpendicular to an IIP-based flight 
safety limit). The state vector for the abort along each failure trajectory 
should be determined by considering the time the limit is violated plus the 
time delay of the FSS with a three-sigma uncertainty. If none of the 
polygons overlap uncontrolled areas, then the hazards are contained. If 
they do overlap, then the more sophisticated analysis in the following 
paragraph should be used. 


13.12.2.2 Analysis. 
If hazardous effects cannot be demonstrated to be contained, then 
prevention of high consequence events must be demonstrated through a 
conditional expected casualty analysis, in accordance with 
§ 450.108(c)(4). For this, the first step is to compute the CEC in each 
significant period of flight where flight abort or flight outside the limits of 
a useful mission may be an outcome for each reasonably foreseeable off-
trajectory failure mode. The CEC results from various end states, such as 
break-up due to aerodynamic loads or FSS activation, from flight abort 
and flight outside the limits of a useful mission should be averaged 
together to compute the mean CEC for each significant period of flight. In 
part 450, CEC only considers population in uncontrolled areas. The risks 
associated with a failure of the abort system (accounting for its failure 
probability) must be accounted for in the CEC analysis in accordance with 
§ 450.108(d)(5). If the maximum CEC developed through this method is 
not greater than 1 × 10-2, then high consequence event protection is 
demonstrated. If this analysis does not demonstrate compliance with high 
consequence event protection, the limits of a useful mission and/or flight 
safety limits may be modified, and the flight safety limits analysis should 
then be updated accordingly. 


13.13 Determining Durations of Acceptable Data Loss. 
To determine the duration of acceptable data loss, the principles described in 
paragraph 10.3 of this AC need to be applied to the particular operation. This discussion 
first will apply to the situation where the flight abort decision system can identify 
whether the vehicle was within the normal envelope, on an unintended trajectory, or 
outside the limits of the useful mission. This is the preferred situation, as it leads to 
more informed decisions and provides more margin. Paragraph 13.14 of this AC 
discusses development of data loss flight times when the decision system does not know 
this information (e.g. some current autonomous systems). While a real-time footprint 
could also be used, that is outside the scope of this AC. 


13.13.1 Outside the Limits of a Useful Mission. 
The first rule regarding data loss is simple: if the vehicle is outside the limits of a useful 
mission (see AC 450.119-1) when data loss occurs, flight should be terminated, unless 
the hazard footprint of the vehicle is over a populated area. 
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13.13.2 Baseline Data Loss Durations. 
The baseline situation is for vehicles that are within the normal trajectory envelope and 
the hazard footprint does not intersect an uncontrolled populated area. To compute 
durations of acceptable data loss, the same malfunction trajectories are generated as for 
the buffer analysis in paragraph 13.7 of this AC, where failure trajectories initiate from 
sample states within the normal trajectory envelope. Each trajectory is evaluated for 
when it either intersects a flight safety limit, leaves the limits of a useful mission 
(hereinafter called “boundary”), or has a hazard footprint intersecting a populated 
uncontrolled area. The applicant may choose which of these types of boundaries to use. 


13.13.2.1 Trajectory Evaluation. 
The trajectories are analyzed to determine when structural limits would be 
exceeded and when a boundary is reached. All trajectories where a 
structural limit is reached first are discarded. For each trajectory where 
this does not occur, the duration from the failure initiation to the time the 
flight safety limit is reached is calculated (as illustrated in Figure 13-10). 
The trajectories are then grouped by time of failure (or another suitable 
independent parameter, such as down range distance at failure). For each 
group, the minimum duration is then the maximum allowable duration of 
data loss. Usually, the durations are simplified, both using constant values 
for intervals of failure initiation time (not linear interpolation) and 
truncating to whole seconds. 
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Figure 13-10: Data Loss Calculation for Normal Envelope 


13.13.2.2 Cannot Reach Terminate Lines. 
If the vehicle is approaching a conditional limit and there are no flight 
safety limits after the conditional limit, data loss flight abort limits should 
not be used once the vehicle reaches a point where the time to the 
conditional limit is less than the time required to reach a flight safety limit. 


13.13.2.3 Comparison to Expected Data Loss. 
These data loss durations should be compared to the anticipated data loss 
scenarios while a flight is otherwise normal. An example of this situation 
is reacquisition of GPS signal, but other demonstrated data loss scenarios 
could also apply. Since it is higher risk to abort flight than allow normal 
flight to continue, abort should not occur unless there is reasonable 
likelihood that a failure has occurred. Thus, evidence of expected data loss 
should be examined, and the abort duration should be no less than the 99% 
confidence of the duration for which data should have been restored. If the 
duration is not within this limit, then the approach to developing data loss 
durations could be refined, the flight safety limits adjusted, and/or the 
mission adjusted. 


13.13.3 Durations during Overflight of Populated Areas. 
If the planned mission features overflight of populated uncontrolled areas, and 
subsequently exits this situation where abort is still used as hazard mitigation, there are 
additional considerations. This is because the consequence of aborting a vehicle that has 
not failed, except for data loss, to uncontrolled areas is higher than allowing continued 
flight. Abort is still usually an appropriate safety mitigation however, if the vehicle has 
deviated from normal flight and propellant has not been dispersed. The determination of 
how long to allow a vehicle to continue to fly in this situation is then based on when a 
vehicle was expected to complete the overflight. If it has not completed overflight 
within the time that was within the range of a useful mission, then the vehicle can be 
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presumed to have failed during this time. Since the vehicle’s position may have 
significant uncertainty, it is not known whether continued flight will reduce risk relative 
to flight abort in a given situation. However, when abort reduces consequences (e.g. 
casualty area), as it normally does, the average risk of all data loss scenarios is reduced 
by taking abort action. 


Note: In order to determine the acceptable duration of data loss, if the overflight 
resulted in materially increased exposure, an operator should use the conditional limit 
regions developed per paragraph 13.9 of this AC. In this case, the duration of acceptable 
data loss while a vehicle is inside a conditional limit region should be equal to the 
maximum expected time of exiting the region minus the current flight time, plus a few 
seconds of buffer, unless this is shorter than the values determined in the paragraphs 
below. If the overflight of uncontrolled populated areas does not materially increase 
exposure, then regions equivalent to the conditional limit regions should be determined 
in order to determine the duration of acceptable data loss. 


13.13.4 Durations When Data Loss Occurs on Unintended Trajectory. 
When data is lost after a vehicle has departed the normal envelope but remains within 
the limits of a useful mission, the analysis should take into account that the vehicle 
could now reach flight safety limits more quickly than if it were within the nominal 
envelope. An applicant should choose to use either a simple approach or to perform an 
analysis to determine data loss times as a function of location. The simple approach is to 
set the data loss duration to be the duration over which signal reacquisition is expected 
take place if it is lost (normally one second or less). The more complex approach 
expands on the baseline method described above. In this case, regions are defined at 
progressively further distances from the normal trajectory envelope, out to the 
boundary. Each failure trajectory is then analyzed for when it exits each region, as 
illustrated in Figure 13-11. For each region, the trajectories are then grouped by the time 
they exit the region. For each group, the minimum duration is the maximum allowable 
duration of data loss for that region for that time interval. In the region closest to the 
boundary, the duration is the signal reacquisition time. 
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Figure 13-11: Data Loss Calculation for Unintended Flight Regions 


13.13.5 Durations When Envelopes Are Not Known 
For systems that do not have the capability to determine if the vehicle is within the 
normal envelope or the limits of a useful mission when data is lost, additional 
consideration is needed. In this case, the locations of the flight safety limits and 
populated areas are important. Because the vehicle could be anywhere inside the flight 
safety limits when data is lost, the duration of allowed data limits should be the 
minimum time from the vehicle could travel from a limit to populated area, as 
illustrated in Figure 13-12. In order to obtain reasonable data loss durations, the flight 
safety limits may need to be adjusted to provide more standoff from populated areas. 


Figure 13-12: Data Loss Calculation when Envelopes Are Not Known 
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13.13.6 Extending the Durations. 
There are certain situations where an appropriate risk reduction strategy is to have 
longer durations of acceptable data loss. Both of these require more extensive risk 
analysis to demonstrate that risk criteria are met and the lowest risk approach has been 
chosen. 


13.13.6.1 The first occurs due to the distribution of the exposed public. One 
situation is when there is significant risk to the public within the limits of a 
useful mission, but then a large region with little to no population. In this 
case, since the abort location is not known when there is data loss, it is 
likely higher risk to abort inside the region of a useful mission than to 
have the vehicle potentially fly further and abort in an area with little to no 
population. 


13.13.6.2 It may be possible in some scenarios to extend the data loss durations 
based on assessment of the trajectories that are first to produce areas of 
predicted casualty, rather than the trajectories that are first to reach flight 
safety limits or the limits of useful mission. This is a more exhaustive 
analysis, but would result in longer durations. 
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14 APPLICATION REQUIREMENTS. 


14.1 Document Compliance with Flight Safety Limits Objectives and Constraints. 
In order to comply with § 450.108(g)(1), a description of the methods used to comply 
with § 450.108(c) is required, to include descriptions of how each analysis constraint in 
§ 450.108(d) is satisfied in accordance with § 450.115. Chapter 13 of this AC provides 
a template for a means of compliance for this. The applicant should indicate which 
paragraphs from chapter 13 of this AC were used with no modifications, and where 
deviations were made. Where deviations were made, the applicant should describe the 
process used with at least the level of detail contained in chapter 13 of this AC. Specific 
examples for a representative mission should be provided to demonstrate compliance. 


14.2 Document each Flight Safety Limit and Flight Abort Rule. 
For § 450.108(g)(2), the applicant should provide a list of flight safety limits and abort 
rules, and associated quantitative criteria and critical parameters. Each limit should 
define the parameters that are obtained from sensors, and the actual parameters that are 
evaluated. For example, sensors commonly provide position and velocity in three 
components in an Earth-centered inertial frame in metric units. An actual evaluation 
might be that the vacuum impact point (VacIP) on the surface of the earth is contained 
in a polygon defined by a series of geodetic vertices connected by great circles. 
References for the algorithms used to translate from the sensor data to VacIP and for the 
polygon evaluation should then be provided. This qualifies as a full description of the 
evaluation and implementation of that particular flight safety limit. A similar precise 
specification for other limits should also be provided. 


14.3 Document Critical Parameters. 
Likewise, for § 450.108(g)(2), the list of critical parameters used to evaluate a vehicle 
prior to entering a period of increased exposure, corresponding to § 450.108(c)(3), or 
ending flight abort, corresponding to § 450.108(e), must be provided, along with 
identification of how these ranges of values are identified. This identification should 
include the rationale for why each parameter is helpful for assessing the vehicle, and 
indicate if parameters described in this AC for this purpose were not selected and why. 
The description should provide evidence for how these ranges of values are identified. 
An example analysis of the determination of the expected range of critical parameters 
should be provided to demonstrate compliance. This should be based on a 
representative mission, including corresponding data and graphics to clearly illustrate 
the range of parameters. 


14.4 Graphic Depiction of Flight Safety Limits. 
For § 450.108(g)(3), the applicant must provide graphical depiction(s) of flight safety 
limits with relevant context as specified in that requirement. This must be provided as 
part of the application for a representative mission and should be consistent with the 
submission of trajectory data in § 450.117(d)(4). There must be a graphical depiction in 
the projection of each flight safety limit. For example, IIP-based limits should be shown 
on a map that shows the vertices of the limits and the segments between them. The 
segments should be shown as they are actually evaluated (great circles, straight lines on 
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a particular projection, etc.). This map should include uncontrolled areas that are 
relevant, as well as the IIP traces of the nominal trajectory, extents of normal flight and 
limits of a useful mission. 
• A Cartesian plot should be used for many other parameters where the limit is 


defined by two variables. For example, to depict a range vs. altitude limit, a 
plot with axes of range and altitude in the units of the evaluation should be 
provided. It is not possible to show uncontrolled areas on this projection, but 
the launch point, the nominal trajectory, and the extent of normal trajectories 
and the limits of useful mission must be shown. An applicant may show both 
maximum and minimum limits on the same set of depictions. 


• Usually depictions at different scales are necessary to show the limits in sufficient 
detail—all vertices of limits should be visually identifiable on at least one depiction. 
Labels of the vertices or a corresponding data table for each limit should be 
provided as well. 


14.5 Document Vehicle Data. 
For § 450.108(g)(4), a description of the vehicle data that will be available to evaluate 
flight rules under all reasonably foreseeable conditions during normal and 
malfunctioning flight must be provided. These correspond to the sensor data discussed 
above to comply with § 450.108(g)(2), but in addition the conditions under which the 
data are available to the flight safety system must be specified. This is particularly 
important for ground-based flight safety systems where data may be available for only 
portions of flight. 
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Subject: Flight Hazard Analysis Date: 08/05/2021 


Initiated By: AST-1 


AC No: 450.109-1 


   


This Advisory Circular (AC) provides guidance for conducting a flight hazard analysis to 


identify and control public safety hazards and risks associated with flight, and phases of flight, 


for a launch or reentry vehicle (hereafter referred to as system) in accordance with § 450.109 of 


Title 14 of the Code of Federal Regulations (14 CFR). Section 450.109 requires an operator 


using a flight hazard analysis as a hazard control strategy for one or more phases of flight to 


identify, describe, and analyze all reasonably foreseeable hazards to public safety resulting from 


the flight of a launch or reentry vehicle. In accordance with § 450.109(b)(3) through (5), 


operators must mitigate hazards, as appropriate, and validate and verify the hazard mitigations. 


The FAA considers this AC an accepted means of compliance for satisfying the regulatory 


requirements of § 450.109 It presents one, but not the only, acceptable means of compliance with 


the associated regulatory requirements. The contents of this document do not have the force and 


effect of law and are not meant to bind the public in any way. The document is intended only to 


provide clarity to the public regarding existing requirements under the law or agency policies. 


If you have suggestions for improving this AC, you may use the Advisory Circular Feedback 


form at the end of this AC.
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1 PURPOSE. 


1.1 This advisory circular (AC) provides guidance for an operator to apply a systematic and 


logical hazard analysis to identify, analyze, and control public safety hazards and risks 


associated with flight, and phases of flight, for a launch or reentry vehicle (hereafter 


referred to as system) in accordance with § 450.109. 


1.2 Scope. 


Section 450.109(b) requires a flight hazard analysis to identify, describe, and analyze 


reasonably foreseeable hazards to public safety resulting from the flight of a launch or 


reentry vehicle. The flight hazard analysis must identify all reasonably foreseeable 


hazards associated with the launch or reentry system relevant to public safety, in 


accordance with § 450.109(b)(1); assess each hazard’s likelihood and severity, in 


accordance with § 450.109(b)(2); and document the risk mitigation, with associated 


verifications, of each one, in accordance with § 450.109(b)(5). Section 450.107(c) states 


that an operator must conduct a flight hazard analysis, in accordance with § 450.109 for 


the flight, or phase of flight, of a launch or reentry vehicle if the public safety hazards 


cannot be mitigated adequately to meet the public risk criteria of § 450.101(a), (b), and 


(c) using physical containment, wind weighting, or flight abort. 


1.3 Level of Imperatives. 


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. In addition, an operator may tailor the provisions 


of this AC to meet its unique needs, provided the changes are accepted as a means of 


compliance by FAA. Throughout this document, the word “must” characterizes 


statements that directly follow from regulatory text and therefore reflect regulatory 


mandates. The word “should” describes a requirement if electing to use this means of 


compliance; variation from these requirements is possible, but must be justified and 


accepted by the FAA as an alternative means of compliance. The word “may” describes 


variations or alternatives allowed within the accepted means of compliance set forth in 


this AC. In general, these alternative approaches can be used only under certain 


situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 


required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 


a launch or reentry vehicle operator license, and a licensed operator seeking to renew or 


modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right and will not be relied upon by the FAA 


as a separate basis for affirmative enforcement action or other administrative penalty. 


Conformity with this guidance document (as distinct from existing statutes and 
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regulations) is voluntary only, and nonconformity will not affect rights and obligations 


under existing statutes and regulations. It describes acceptable means, but not the only 


means, for demonstrating compliance with the applicable regulations. The FAA will 


consider other means of compliance that an applicant may elect to present. 


2.3 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 


3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related U.S.C. Statute. 


 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related FAA Commercial Space Transportation Regulations. 


The following 14 CFR regulations must be accounted for when showing compliance 


with 14 CFR 450.109 Flight Hazard Analysis. The full text of these regulations can be 


downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 


ordered from the Government Printing Office, Superintendent of Documents, Attn: New 


Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 


 Section 450.101, Safety criteria. 


 Section 450.103, System safety program. 


 Section 450.107, Hazard control strategies. 


 Section 450.141, Computing Systems. 


3.3 Related FAA Advisory Circulars. 


FAA Advisory Circulars are available through the FAA website, http://www.faa.gov.  


 AC 450.103-1, System Safety Program, when published. 


 AC 450.107-1, Hazard Control Strategy Determination, dated June 15, 2021. 


 AC 450.141-1, Computing Systems Safety, dated October 15, 2020. 


3.4 Related Industry Documents. 


 MIL-STD-882E, Department of Defense Standard Practice, System Safety, dated 


May 11, 2012, https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027. 


Note: The industry documents referenced in this section refer to the current revisions or 


regulatory authorities’ accepted revisions. 


  



http://www.ecfr.gov/

http://www.faa.gov/

https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027
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4 DEFINITION OF TERMS. 


For this AC, the terms and definitions from § 401.7 apply. 


5 ACRONYMS. 


AC – Advisory Circular 


CFR – Code of Federal Regulations 


ESD – Electro-Static Discharge 


FAA – Federal Aviation Administration 


FOD – Foreign Object Debris 


FHA – Flight Hazard Analysis 


FMEA – Failure Modes and Effects Analysis 


FSS – Flight Safety System 


FTA – Fault Tree Analysis 


NOTMARs – Notices to Mariners 


OMB – Office of Management and Budget 


TBD – To Be Determined 


V&V – Validation and Verification 
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6 OVERVIEW. 


6.1 Objective of Flight Hazard Analysis. 


A flight hazard analysis identifies key system design and operation data, documents the 


overall system safety risk to the public, and determines the necessary hazard controls 


(mitigations) to ensure the residual risk meets acceptable criteria. System safety risk 


documented in the flight hazard analysis is typically expressed in qualitative 


terminology; however, there may be sufficient operational history and subsystem 


analysis to express risk in quantitative terms. 


6.2 A Flight Hazard Analysis differs from Flight Safety Analysis. 


6.2.1 Risk as stated in the flight hazard analysis is different than as stated in the flight safety 


analysis requirements of § 450.113. Flight hazard analysis and flight safety analysis are 


somewhat interrelated but intentionally independent analyses that are both integral to 


the overall hazard control strategy. It is important to note that compliance with 


§ 450.101 risk criteria does not relieve the operator from completing the flight hazard 


analysis. 


6.2.2 A flight hazard analysis will identify all reasonably foreseeable hazards to public safety 


from the operation. Most of those hazards can be eliminated or mitigated with 


validation and verification. But there will always be residual risk from the operation. A 


flight hazard analysis must ensure that the likelihood of any hazardous condition that 


may cause death or serious injury to the public is extremely remote in accordance with 


§ 450.109(b)(3). 


6.2.3 The objective of the flight safety analysis is to characterize the overall risk to the public 


caused by the operation as a whole in consistent quantitative terms. A flight safety 


analysis is used to derive necessary operational controls and demonstrate compliance 


with public safety criteria in accordance with § 450.101. 


6.3 Flight Hazard Analysis Methodology. 


The flight hazard analysis methodology must be defined per § 450.103(b)(1). Per the 


guidance of AC 450.103-1, System Safety Program, this should be accomplished by the 


documented system safety program. Application of mitigation measures identified by 


the flight hazard analysis are intended to help reduce the system safety risk to the public 


to the acceptable levels determined by the system safety program and in accordance 


with § 450.109(b)(3). Additionally, the data documented in the flight hazard analysis is 


utilized to ensure public safety as defined by the documented system safety program. 


6.4 Aspects of a Flight Hazard Analysis. 


Flight hazard analysis may be utilized as a hazard control strategy but is also mandated 


by § 450.107(c) for a flight, or phase of flight, if the public safety hazards cannot be 


mitigated adequately to meet the public risk criteria of § 450.101(a), (b), and (c) using 


physical containment, wind weighting, or flight abort. This use of a flight hazard 


analysis to derive hazard controls provides flexibility that does not currently exist under 


the prescriptive requirements of Part 417 but is broadly consistent with Part 431 and 
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Part 435. In accordance with § 450.109(b), a flight hazard analysis must identify, 


describe, and analyze all reasonably foreseeable hazards to public safety resulting from 


the flight of a launch or reentry vehicle. The flight hazard analysis should be performed 


early in system development and operation conceptualization to define the system 


safety risk to the public in order to positively influence design and operation decisions. 


Flight hazard analysis products must be submitted to the FAA as part of an application, 


per § 450.109(f)(1) and continued to be maintained throughout the lifecycle of the 


launch or reentry system, in accordance with § 450.109(c) through (e). A flight hazard 


analysis must: 


1. Identify all reasonably foreseeable hazards, and the corresponding failure mode for 


each hazard, associated with the launch or reentry system relevant to public safety 


(§ 450.109(b)(1)); 


2. Assess the likelihood and severity of each system safety hazard to the public 


(§ 450.109(b)(3); 


3. Ensure that the system safety risk associated with each system safety hazard to the 


public meets defined acceptance criteria (§ 450.109(b)(3)); 


4. Identify and describe the risk elimination and mitigation measures required to 


satisfy the acceptance criteria (§ 450.109(b)(4)); and 


5. Document that the risk elimination and mitigation measures achieve the acceptable 


levels through validation and verification (§ 450.109(b)(5)). 


6.5 Formal Traceability of System Safety Hazards. 


Formal tracking methods should be established to show direct connections between all 


aspects of system safety hazards to the public. Hazard tracking systems may contain all 


the necessary data but do not typically show these direct connections. Table A-1 shows 


the types of information that an applicant should provide to demonstrate traceability. 


6.6 System Safety Hazards and Software Safety. 


6.6.1 In accordance with § 450.141(a), if the flight hazard analysis identifies software or data 


utilized in a subsystem or the integrated system as potential hazard sources or hazard 


controls, then the applicant should perform a software hazard analysis to identify 


computing system safety items and assess their level of criticality. 


6.6.2 Per the guidance of AC 450.141-1, software hazard analyses identify potential software 


faults and their effects on the computing system and the system as a whole, as well as 


mitigation measures that can be used to reduce the risk. The analytical method and level 


of detail in the analysis should correspond to the complexity of the software and 


computing system, intricacy of the operations, and scope of the program. Also, software 


hazard analyses should consider a range of potential error conditions. 
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7 PERFORMING A FLIGHT HAZARD ANALYSIS. 


7.1 Identify Hazards. 


The hazards referred to in a flight hazard analysis are the system safety hazards to the 


public that occur from a system failure. The starting point for identifying system safety 


hazards to the public is the functional hazard analysis as required by § 450.107(b) that 


decomposes the system functions and assesses the end effect of their possible failures 


on system operation. In accordance with § 450.109(b)(1), a flight hazard analysis must 


identify all reasonably foreseeable hazards associated with a launch or reentry system 


relevant to public safety. 


7.1.1 Hazard Traceability. 


Traceability ensures proper identification of system safety hazards to the public for 


§ 450.109(b)(1) and should be demonstrated from: 


1. Subsystem and component functional failures to their causes; and 


2. Subsystem and component functional failures to respective system safety hazards to 


the public at the system and mission level. 


7.1.2 Data from the Functional Hazard Analysis. 


System failures leading to system safety hazards to the public should include all 


applicable failures identified in the functional hazard analysis. Other possible failures 


not in the functional hazard analysis should be included if new ones are uncovered 


when considering public safety. To ensure proper identification of system safety 


hazards to the public for § 450.109(b)(1), an operator should use decomposition of 


systems beyond what is in the functional hazard analysis to identify the causes of 


system failures. This identification is an essential precursor to applying mitigations that 


reduce or eliminate the system safety hazards to the public. There will likely be multiple 


potential causes for each system failure. To ensure proper identification and mitigation 


of system safety hazards to the public for § 450.109(b)(1) and (4), each potential cause 


of a failure should be specified to a level of detail (down to a subsystem or component 


level) in accordance with § 450.109(b)(1)(ii) where it is possible to apply a mitigation. 


7.1.3 Data beyond the Functional Hazard Analysis. 


Beyond the functional hazard analysis, supplemental data routinely utilized to identify 


system failures and their causes include: 


 Fault Tree Analysis (FTA) – A reliability engineering analysis that uses a logic 


diagram to identify and map causes of top-level events. Additionally, a FTA allows 


for quantification of system failure probability, determination of fault tolerance, 


identification of common causes and single point failures, etc. 


 Failure Modes and Effects Analysis (FMEA) – A reliability engineering analysis 


used to identify low-level component failures and their causes and assess their 


effects on higher-level systems. 
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7.2 Assessing Likelihood and Severity of Each Hazard. 


The likelihood and severity of each system safety hazard to the public must be assessed, 


in accordance with § 450.109(b)(2), in order to determine the associated system safety 


risk. The characterization of each system safety risk allows for determining the 


necessity, and proper application, of any additional mitigation actions. 


7.2.1 Resources for System Safety Risk Assessments. 


To satisfy § 450.109(b)(2), suitable assessment severity categories and likelihood levels 


criteria should be determined for each specific program. The risk assessment with 


respect to system safety hazards to the public generally utilizes qualitative statements; 


however, there may be sufficient data to utilize quantitative terms. AC 450.103-1, 


System Safety Program, provides guidance on assessing and documenting system safety 


risk, including severity categories and likelihood levels. 


7.2.2 Utilizing a Systematic Assessment Process. 


7.2.2.1 The FAA encourages, but does not require, the utilization of a systematic 


development process that allows for a baseline assessment of pre-


mitigation risk for each hazard. It is a common system safety practice to 


assess risk prior to implementing a mitigation in order to deliberately 


design a mitigation strategy for each hazard. The FAA recognizes that 


some applicants will not utilize a pre-mitigation risk assessment as is 


common in rapid development and experimental programs. The FAA 


recommends that applicants who choose not to utilize a pre-mitigation risk 


assessment strategy discuss the appropriateness of their development 


process and any risk assessment assumptions during pre-application 


consultation. This strategy may not be acceptable with all programs. 


Irrespective of the applicant’s development process, post-mitigation risk 


assessment should be performed to determine the residual system safety 


risk to the public. 


7.2.2.2 Additionally, to ensure proper mitigation of system safety hazards to the 


public for § 450.109(b)(4), risk assessment should be performed at the 


appropriate levels, primarily the: (1) subsystem and component level and 


(2) system and mission level. Risk assessment at these levels allows for 


greater insight into the effectiveness of mitigations and verifications 


specific to each cause of each functional failure resulting in a system 


safety hazard to the public and appropriate application of component, 


subsystem, system and mission mitigations and verifications. 


7.2.3 Risk Assessment Traceability. 


Traceability ensures proper assessment for § 450.109(b)(3) and should be demonstrated 


from subsystem and component level risk assessment to system and mission level risk 


assessment. 
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7.3 Mitigate Risk to Acceptable Levels. 


Risk elimination or mitigation measures must be implemented to reduce risks to the 


acceptable level of § 450.109(b)(3). 


7.3.1 Proper Risk Mitigation Process. 


Mitigating risk does not change severity of the hazard, only the likelihood. If there is a 


change in severity, it should be documented as a new risk. For example, a main fuel 


valve mechanical failure may cause unterminated thrust and a departure of the vehicle 


from the operating area. The hazard risk was determined to have a consequence of 


“Catastrophic” and a likelihood of “Remote.” That valve was replaced with a more 


reliable valve as a mitigation. The mitigation is determined to change the likelihood to 


“Extremely Remote,” but the new valve cannot impact the consequence of the failure, 


which remains “Catastrophic.” 


7.3.2 Developing Risk Acceptance Criteria. 


Risk acceptance is determined by comparison of final assessed system safety risk 


against established acceptance criteria. Suitable risk acceptance criteria must be 


determined for each specific program and documented in the system safety program 


compliant with § 450.103 and utilizing the guidance of AC 450.103-1, System Safety 


Program. To ensure proper acceptance of risks associated with system safety hazards to 


the public for § 450.109(b)(3), the associated residual risk should meet the established 


acceptance criteria and the rationale for acceptance should be documented. 


7.3.3 Baseline of Risk Acceptability. 


In accordance with § 450.109(b)(3), the baseline standard for risk acceptability of 


system safety hazards to the public is to ensure the likelihood of any hazardous 


condition that may cause death or serious injury to the public is extremely remote as 


defined in AC 450.103-1. 


As documented in AC 450.103-1, System Safety Program, extremely remote should be 


considered “so unlikely, it can be assumed occurrence may not be experienced, with a 


likelihood of occurrence less than 10-6 in any one mission.” 


Note: The standards for risk acceptability are intentionally strict to ensure protection of 


the public. Sufficient mitigation to control the hazard should be demonstrated. 
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7.4 Identifying and Describing Risk Mitigation Measures. 


Risk elimination and mitigation measures must be identified and described for system 


safety risks to the public that are initially deemed unacceptable in accordance with 


§ 450.109(b)(4). In accordance with § 450.109(b)(5), the risk elimination and mitigation 


measures must document reduction to the acceptable qualitative level of 


§ 450.109(b)(3). Consideration should be given as to whether proposed risk mitigation 


measures introduce new hazards. To allow flexibility, the FAA has not mandated any 


particular mitigation approach. Selection of a risk elimination or mitigation measure is 


usually based on a number of factors, such as the type of operation, feasibility of 


implementation, effectiveness, and impact on system performance. Where possible, the 


FAA expects the utilization of existing industry standards for mitigations. 


7.4.1 Risk Mitigation Traceability. 


Traceability ensures proper application of mitigations for § 450.109(b)(4) and should be 


demonstrated from: 


1. Subsystem and component functional failures to their causes to respective 


mitigations; 


2. Subsystem and component functional failures to respective system safety hazards to 


the public at the system and mission level; 


3. Subsystem and component level risk assessment to system and mission level risk 


assessment; and 


4. System safety hazards to the public at the system and mission level to their 


respective mitigations. 


7.4.2 System Safety Design Order of Precedence. 


MIL-STD-882E identifies the following mitigation approaches in order of decreasing 


effectiveness: 


a. Eliminate hazards through design selection; 


b. Reduce risk through design alteration; 


c. Incorporate engineered features or devices; 


d. Provide warning devices; and 


e. Incorporate signage, procedures, training, and personal protective equipment 


(PPE). 


7.4.3 Potential Risk Mitigation Methods. 


7.4.3.1 Design or Operate for Minimum Risk. 


The first priority should be to eliminate system safety hazards to the public 


through appropriate design selections or operational decisions. 


Unacceptable system safety risk to the public that cannot be eliminated 


must be reduced to acceptable levels. An example of designing out risk to 


the public would be eliminating the use of toxic substances. 
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7.4.3.2 Incorporate Safety Devices. 


If system safety hazards to the public cannot be eliminated through design 


selection or operational decisions, then system safety risks to the public 


should be reduced using active or passive safety devices. An example of 


an active safety device would be utilization of a computing system for 


shutting down a rocket engine when sensors detect thrust chamber 


temperatures outside of operational parameters. Examples of passive 


safety devices include burst disks in pressure systems, spring-loaded 


pressure relief valves, and break wires between stages. Provisions should 


be made for periodic functional checks of safety devices, where 


appropriate. 


7.4.3.3 Provide Warning Devices. 


When neither design nor safety devices eliminate or adequately reduce the 


risk of identified system safety hazards to the public, devices should be 


used to detect a hazardous condition and produce adequate warning. 


Warning signals and their application should be designed into the system 


to minimize the likelihood of inappropriate human reaction and response. 


A warning indicator on a flight controller console is an example of a 


warning device. 


7.4.3.4 Develop and Implement Procedures and Training. 


Procedures and training are generally used to supplement other mitigation 


measures. When it is not feasible to eliminate or adequately reduce the 


risk of identified system safety hazards to the public through design 


selection or specific safety and warning devices, procedures and training 


should be developed and implemented. Specific procedural and training 


mitigation measures that may be utilized include: 


 Conducting dress rehearsals to ensure crew readiness under nominal 


and non-nominal flight conditions. 


 Creating and using current and consistent checklists that ensure safe 


conduct of flight operations during nominal and non-nominal flights. 


 Consolidating flight rules, procedures, checklists, contingency plans, 


and emergency plans in a safety directive, notebook, or other 


compilation. 


 Establishing communication protocols, including defined radio 


communications terminology and a common intercom channel for 


communications. 


 Conducting flight readiness reviews. 
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7.5 Validation and Verification. 


The reduction of system safety hazards to the public via risk mitigations applied at 


various levels (component, subsystem, system, or mission) must be validated and 


verified as required by § 450.109(b)(5). 


7.5.1 Validation of Risk Mitigations and Verification Methods. 


Per § 450.109(b)(5), validation evidence must be documented. It must demonstrate that 


the risk elimination and mitigation measures achieve the risk level specified by 


§ 450.109(b)(3). This documented evidence (e.g., V&V Tracking Log) must be 


provided to the FAA in accordance with 450.109(f)(1). Validation determines whether 


the implemented mitigation measures and their respective verification methods are 


sound. Thus, the validation effort ensures that each mitigation and verification is 


unambiguous, correct, complete, and consistent. In addition, the validation process 


evaluates that each mitigation measure and respective verification is well understood 


and operationally and technically feasible. 


7.5.2 Verifying Risk Mitigations. 


Verification is the process of identifying and producing verifiable and measurable 


evidence for ensuring that the respective mitigation measures adequately support the 


documented reduction of system safety risk to the public. Where possible, the FAA 


expects verification of mitigation measures to utilize existing industry standards. 


Essential information for verification includes: 


 Identification of specific method(s) used to verify the mitigation measure; 


 Identification of specific evidence to be produced; and 


 Indication of closure based on successful completion of specified method with 


production of adequate, verifiable, and measurable evidence. 


7.5.2.1 Verification Artifacts. 


Per § 450.109(b)(5), verification evidence must be documented and it 


must demonstrate that the risk elimination and mitigation measures 


achieve the risk level specified by § 450.109(b)(3). This documented 


evidence, which can include design analysis, test data, and inspection 


reports, must be provided to the FAA in accordance with 450.109(f)(1). 


Ideally, all mitigation measures should be validated and verified by the 


time of application submittal. The FAA recognizes that applicants may not 


have the ability to verify all mitigations prior to submission of an 


application. In those instances, an acceptable verification closure strategy 


should be documented with expected completion dates (which must be 


closed prior to licensed operation pursuant to any relevant terms and 


conditions of the license). This strategy should be provided to the FAA 


with adequate time to review the closure status of verification evidence 


prior to the initiation of the applicable licensed activity. 
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7.5.2.2 Verification Traceability. 


Traceability ensures proper application of verifications for § 450.109(b)(5) 


and should be demonstrated from: 


1. Subsystem and component functional failures to their causes to 


respective mitigations to adequate verifications; 


2. Subsystem and component functional failures to respective system 


safety hazards to the public at the system and mission level; 


3. Subsystem and component level risk assessment to system and mission 


level risk assessment; and 


4. System safety hazards to the public at the system and mission level to 


their respective mitigations to adequate verifications. 


7.5.2.3 Verification Methods. 


The FAA encourages discussion on proposed verification methods early in 


the licensing process. Four acceptable methods of verifying mitigation 


measures, in accordance with § 450.109(b)(5), include: 


 Analysis – Technical or mathematical evaluation, mathematical 


models, simulations, algorithms, and circuit diagrams. 


 Component, subsystem, or system test – Actual operation to evaluate 


performance of system elements during ambient conditions or in 


operational environments at or above expected levels to measure 


safety margins. These tests include functional tests and environmental 


tests. 


 Demonstration – Actual operation of the system or subsystem under 


specified scenarios, often used to verify reliability, transportability, 


maintainability, serviceability, and human engineering factors. 


 Inspection – Physical examination of hardware, software code, or 


documentation to verify compliance of the feature with predetermined 


criteria. 


7.5.3 Iterative Approach of Validation and Verification. 


The validation and verification (V&V) process is a comprehensive, closed-looped, 


iterative process to be used in all phases of the lifecycle of a launch or reentry system. 


Any mitigation that fails V&V cannot be relied on for elimination or reduction of 


system safety risks to the public. 


  







08/05/2021  AC 450.109-1 


16 


7.6 Identifying New Hazards and Updating the Flight Hazard Analysis. 


In accordance with § 450.109(c), criteria and techniques must be established and 


documented for identifying new hazards and updating a flight hazard analysis 


throughout the lifecycle of the launch or reentry system. In accordance with 


§ 450.109(e), a process must be defined and implemented for continually updating the 


flight hazard analysis and system safety risk assessment to reflect knowledge gained 


during the lifecycle of the launch or reentry system. 


7.6.1 Updates from Lifecycle Data. 


Foreseeably, data gained during design, manufacture, test and operation, including the 


discovery of anomalies and faults, usually impacts a flight hazard analysis. Necessary 


data should be identified, and approaches should be implemented, to detect anomalies 


and failures in order to improve the flight hazard analysis. Additionally, information 


gained during assembly and operation of components, subsystems, and next-level 


systems contributes to the further understanding of the overall system and mission and 


may lead to additional updates to the flight hazard analysis. A process should be 


implemented to update the flight hazard analysis and residual system safety risk 


assessment to reflect knowledge gained during the lifecycle of the integrated system and 


mission. 


7.6.2 Accuracy via the System Safety Program. 


In accordance with § 450.103(b) and (d) and explained more fully in AC 450.103-1, 


System Safety Program, methods to detect flight anomalies and system failures and 


processes for evaluating post-flight data must be defined in the documented system 


safety program. The flight hazard analysis should adequately reflect the data gained 


from these methods and processes to ensure accuracy throughout the lifecycle of a 


launch or reentry system. 


7.6.3 Completeness Prior to Flight. 


In accordance with § 450.109(d), the flight hazard analysis must be complete and all 


system safety hazards to the public must be mitigated to acceptable levels, specifically 


that of § 450.109(b)(3), for every launch or reentry. 


7.7 Application Requirements. 


In accordance with § 450.109(f), an application must include: (1) the flight hazard 


analysis data produced in accordance with § 450.109(b)(1) through (5), including the 


verification evidence for the risk elimination and mitigation measures; and (2) the 


criteria and techniques for identifying new hazards throughout the lifecycle of the 


launch or reentry system, as required by § 450.109(c). 
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Appendix A. System Safety Template for § 450.109 Flight Hazard Analysis. 


Table A-1 conveys the types of data that should be provided by an acceptable system safety analysis, including a method for traceability between all aspects of system safety hazards to the public. It is intended as a 


guide to show what information should be provided within a flight hazard analysis. It also shows how logical tracking for each item can be used to show the relationships between the different pieces of information. 


A hazard analysis format conveying the information of Table A-1, such as similar tables or traditional worksheets, should be utilized. 


TABLE A-1. System Safety Template for § 450.109 Flight Hazard Analysis 


   


     
Subsystem and Component Level 


 


System and Mission Level1 


    Subsystem(s) Component(s) 
/ Item(s) 


Functional 
Failure 
ID(s) 


Failure 
Description and 
End Effect 


Possible 
Cause(s) 


Risk 
Before 
Mitigation 
Measures 


Risk Elimination / 
Mitigation 
Measures 


Risk After 
Mitigation 
Measures 


Verification Evidence Hazard to 
Public1 


Risk Elimination / 
Mitigation Measures1 


Risk After 
Mitigation 
Measures1 


Verification Evidence1 


    L S R L S R L S R 
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T
B


D
] 


N
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L
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v
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m


 [
T


B
D


] Avionics Main Computer TBD Main computer 
[Function TBD] 
during [Mission 
Phase TBD] fails 
[Failure TBD], 
possibly resulting 
in loss of vehicle 
control, break-up, 
or [End Effect 
TBD] 


C1  


Board Failure 


 


C2  


Electro-Static 
Discharge 
(ESD) 


 


C3  


Foreign 
Object Debris 
(FOD) 


 


C4, and so 
on… 


 


In
itia


l o
r n


o
 d


a
ta


 


T
B


D
 


T
B


D
 


C1.M1 – Specific to 
mitigation of board 
failure (design, test, 
manufacturing 
process, etc.) 


C1.M2 – Specific to 
mitigation of C1 


C1.M3, and so on… 


T
B


D
 


T
B


D
 


T
B


D
 


C1.M1.V1 – 
Documented evidence 
specific to performed 
C1.M1 mitigation 


C1.M1.V2, and so on… 


C1.M2.V1, and so on… 


C1.M3.V1, and so on… 


H1 


Off-nominal 
trajectory 


 


H2 


Abort Debris  


 


H3 


Reentry Debris 


 


H4, and so on… 


H1.M1 - Specific to 
mitigation of H1 [Flight 
Safety System (FSS), 
operational restrictions, 
clear areas, etc…] 


H1.M2, and so on… 


T
B


D
 


T
B


D
 


T
B


D
 


H1.M1.V1 – Documented 
evidence specific to H1.M1 
mitigation 


H1.M1.V2, and so on… 


H1.M2.V1, and so on… 


  C2.M1 – Specific to 
mitigation of ESD 
(design, test, 
manufacturing 
process, etc.) 


C2.M2 - Specific to 
mitigation of C2 


C2.M3, and so on… 


C2.M1.V1 – 
Documented evidence 
specific to performed 
C2.M1 mitigation 


C2.M1.V2, and so on… 


C2.M2.V1, and so on… 


C2.M3.V1, and so on… 


H2.M1 - Specific to 
mitigation of H2 [deorbit 
criteria, contingencies, 
established clear areas 
for NOTAM and 
NOTMAR, etc…] 


H2.M2, and so on… 


H2.M1.V1 – Documented 
evidence specific to H2.M1 
mitigation 


H2.M1.V2, and so on… 


H2.M2.V1, and so on… 


 


  C3.M1 – Specific to 
mitigation of FOD 
(design, test, 
manufacturing 
process, etc.) 


C3.M2 - Specific to 
mitigation of C3 


C3.M3, and so on… 


C3.M1.V1 – 
Documented evidence 
specific to performed 
C3.M1 mitigation 


C3.M1.V2, and so on… 


C3.M2.V1, and so on… 


C3.M3.V1, and so on… 


H3.M1 - Specific to 
mitigation of H3 [abort 
criteria, mission rules, 
contingencies, 
established clear areas 
for NOTAM and 
NOTMAR, etc…] 


H3.M2, and so on… 


H3.M1.V1 – Documented 
evidence specific to H3.M1 
mitigation 


H3.M1.V2, and so on… 


H3.M2.V1, and so on… 


Note:  


1 - “System and Mission Level” may be captured as shown or in a separate table or spreadsheet with traceability to “Subsystem and Component Level” 


2 - “C1.M1.V1” is only an example; the key is to demonstrate traceability by a suitable method. 


3 - L = Likelihood; S = Severity; R = Risk 


4 - Typically within system safety: Likelihood (L) = Probability (P); Severity (S) = Consequence (C); L x S = R 
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Advisory U.S. Department 
of Transportation 
Federal Aviation Circular 
Administration 


Subject: High Fidelity Flight Safety Analysis Date: 08/02/2024 AC No: 450.115-1B 
Initiated By: AST-1 


This Advisory Circular (AC) provides guidance and a comprehensive method for performing a 
high fidelity flight safety analysis in accordance with title 14 of the Code of Federal 
Regulations (14 CFR) § 450.115. A flight safety analysis is required for launch and reentry in 
accordance with § 450.113(a). AC 450.113-1, Level of Fidelity, provides guidance on when a 
high fidelity flight safety analysis is needed and how to determine the level of fidelity that is 
required. In situations when a high fidelity flight safety analysis is needed, this AC 450.115-1 
provides guidance for performing that analysis in compliance with § 450.115(b). A high fidelity 
flight safety analysis may be required by § 450.115(b) for a particular phase or for all phases of 
flight. An operator’s flight safety analysis method must account for all reasonably foreseeable 
events and failures of safety-critical systems during nominal and non-nominal launch or reentry 
that could jeopardize public safety, in accordance with § 450.115(a). In accordance with 
§ 450.115(b)(1), the analysis must demonstrate that any risk to the public satisfies the safety 
criteria of § 450.101, including the use of mitigations, and account for all known sources of 
uncertainty, using a means of compliance accepted by the Federal Aviation Administration 
(FAA). The analysis must identify the dominant source of each type of public risk with a 
criterion in §§ 450.101(a) or 450.101(b) in terms of phase of flight, source of hazard (such as 
toxic exposure, inert, or explosive debris), and failure mode, in accordance with § 450.115(b)(2). 
The FAA considers this AC an accepted means of compliance for complying with the regulatory 
requirements of § 450.115(b). It presents one, but not the only, acceptable means of compliance 
with the associated regulatory requirements. This AC assists with performing a high fidelity 
flight safety analysis. The contents of this document do not have the force and effect of law and 
are not meant to bind the public in any way. The document is intended only to provide clarity to 
the public regarding existing requirements under the law or agency policies. 


If you have suggestions for improving this AC, you may use the Advisory Circular Feedback 
form at the end of this AC. 


Daniel Murray 
Executive Director, 
Commercial Space Transportation 
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Principal Changes 


Revision B updates AC 450.115-1A, High Fidelity Flight Safety Analysis, dated 
May 21, 2021. This AC change includes the following principal changes. 


1. This AC change includes removal of the content in Paragraph 9.2, Drag 
Coefficient Estimate for Continuum Flow. The FAA expects to provide 
replacement information for this paragraph in the next revision to this AC. 
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1 PURPOSE. 
This Advisory Circular (AC) provides guidance and a comprehensive method for 
performing a high fidelity flight safety analysis in accordance with title 14 of the Code 
of Federal Regulations (14 CFR) § 450.115. AST drafted AC 450-113-1, Level of 
Fidelity, to help an operator determine the level of fidelity of the analysis required by 
§ 450.115(b). In situations when a high fidelity flight safety analysis is needed, this AC 
provides guidance for performing that analysis in compliance with § 450.115(b). A high 
fidelity flight safety analysis may be required by § 450.115(b) for a particular phase or 
for all phases of flight. 


1.1 Cancellation. 
This AC cancels AC 450.115-1A High Fidelity Flight Safety Analysis, 
dated May 20, 2021. 


1.2 Analysis Scope. 
An operator’s flight safety analysis method must account for all reasonably foreseeable1 


events and failures of safety-critical systems during nominal and non-nominal launch or 
reentry that could jeopardize public safety, in accordance with § 450.115(a). In 
accordance with § 450.115(b)(1), the analysis must demonstrate that any risk to the 
public satisfies the safety criteria of § 450.101, including the use of mitigations, and 
account for all known sources of uncertainty, using a means of compliance accepted by 
the FAA Administrator. In accordance with § 450.115(b)(2), the analysis must identify 
the dominant source of each type of public risk with a criterion in §§ 450.101(a) or 
450.101(b) in terms of phase of flight, source of hazard (such as toxic exposure, inert, 
or explosive debris), and failure mode. In accordance with § 450.101(g), for any 
analysis used to demonstrate compliance with § 450.115(b), an operator must use 
accurate data and scientific principles, and the analysis must be statistically valid. Also, 
in accordance with § 450.101(g), the method must produce results consistent with or 
more conservative than the results available from previous mishaps, tests, or other valid 
benchmarks, such as higher-fidelity methods. 


1.3 Description of Methods. 
To satisfy the requirements of § 450.115(c), an applicant must submit a description of 
the flight safety analysis methodology, including identification of: 


• The scientific principles and statistical methods used; 


• All assumptions and their justifications; 


• The rationale for the level of fidelity; 


• The evidence for validation and verification required by § 450.101(g); 


1 In the context of launch and reentry vehicle analysis, reasonably foreseeable events and failures are those 
identifiable through a system safety process, including all relevant failures that have occurred for prior vehicles. 
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• The extent to which the benchmark conditions are comparable to the foreseeable 
conditions of the intended operations; and 


• The extent to which risk mitigations were accounted for in the analyses. 


1.4 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. Other means of regulatory compliance may be 
acceptable, but must be approved by the FAA Administrator in accordance with 
§ 450.35(a)(1). In addition, an operator may tailor the provisions of this AC to meet its 
unique needs, provided the changes are accepted as a means of compliance by FAA. 
Throughout this document, the word “must” characterizes statements that directly 
follow from regulatory text and therefore reflect regulatory mandates. The word 
“should” describes a requirement if electing to use this means of compliance; variation 
from these requirements is possible, but must be justified and accepted by the FAA as 
an alternative means of compliance. The word “may” describes variations or 
alternatives allowed within the accepted means of compliance set forth in this AC. In 
general, these alternative approaches can be used only under certain situations that do 
not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 
a launch or reentry vehicle operator license, a licensed operator seeking to renew or 
modify an existing vehicle operator license, and FAA commercial space transportation 
evaluators. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and will not be relied upon by the FAA 
as a separate basis for affirmative enforcement action or other administrative penalty. 
Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. This AC describes acceptable means, but not the 
only means, for demonstrating compliance with the applicable regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related Statute. 


• 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related Regulations. 
The following regulations from titles 14 and 49 of the CFR must be accounted for when 
showing compliance with 14 CFR § 450.115. The full text of these regulations can be 
downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 
ordered from the Government Printing Office, Superintendent of Documents, Attn: New 
Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 450.35, Means of Compliance. 


• Section 450.101, Safety Criteria. 


• Section 450.103, System Safety Program. 


• Section 450.108, Flight Abort. 


• Section 450.113, Flight Safety Analysis Requirements—Scope. 


• Section 450.117, Trajectory Analysis for Normal Flight. 


• Section 450.119, Trajectory Analysis for Malfunction Flight. 


• Section 450.121, Debris analysis. 


• Section 450.123, Population Exposure Analysis. 


• Section 450.131, Probability of Failure Analysis. 


• Section 450.133, Flight Hazard Area Analysis. 


• Section 450.135, Debris Risk Analysis. 


• Section 450.137 Far-field Overpressure Blast Effects Analysis. 


• Section 450.139 Toxic Hazards for Flight. 


• Section 450.161, Control of Hazard Areas. 


• Section 450.213, Pre-flight Reporting. 


3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars (will be available through the FAA website, 
http://www.faa.gov). 


• AC 450.101-1B, High Consequence Event Protection, dated May 3, 2024. 


• AC 450.108-1, Using Flight Abort Rule as a Hazard Control Strategy, dated 
July  27, 2021. 
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• AC 450.110-1, Physical Containment Flight Safety Analysis, dated 
September 27, 2022. 


• AC 450.117-1, Normal Trajectory Analysis, dated August 19, 2021. 


• AC 450.119-1, High-Fidelity Malfunction Trajectory Analysis, when published. 


• AC 450.123-1, Population Exposure Analysis dated October 12, 2022. 


• AC 450.137-1, Distant Focusing Overpressure (DFO) Risk Analysis when 
published. 


• AC 450.139-1, Toxic Hazards Analysis and Thresholds dated July 8, 2024. 


3.4 Technical Reports Related to High Fidelity Flight Safety Analysis. 
1. Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, Paul D. Wilde (Eds.), 


Safety Design for Space Operations, Sponsored by The International Association for 
the Advancement of Space Safety, published by Elsevier, Watham, MA, 2013. 


2. Anderson, John D., Modern Compressible Flow: With Historical Perspective, 
McGraw-Hill Education, dated 2003. 


3. Baker, W.E., et al., Workbook for estimating effects of accidental explosions in 
propellant ground handling and transport systems, NASA Contractor Report 3023, 
August 1978, https://ntrs.nasa.gov/citations/19790002055. 


4. Baker, W.E., et al., Workbook for predicting pressure wave and fragment effects of 
exploding propellant tanks and gas storage vessels, NASA Contractor Report 
134906, September 1977, https://ntrs.nasa.gov/citations/19760012208. 


5. Bonson, S.P. Aerodynamic Characteristics for Debris from Space Shuttle External 
Tank, dated May 23, 2012. https://arc.aiaa.org/doi/10.2514/3.57727. 


6. Collins, Jon D., Randolph Nyman, and Isaac Lotatti, Estimation of Space Shuttle 
Orbiter Reentry Debris Casualty Area, AIAA Atmospheric Flight Mechanics 
Conference and Exhibit, August 2005, AIAA Paper 2005-6321. 
https://doi.org/10.2514/6.2005-6321. 


7. Columbia Accident Investigation Board Report Vol. 1, NASA, Washington, D.C. 
August, 2003. 


8. Department of Defense World Geodetic System 1984, NIMA TR8350.2, Third 
Edition, Amendment 1, National Imagery and Mapping Agency, January 2000. 


9. Eck, M. and M. Mukunda, On the nature of the fragment environment created by 
the range destruction or random failure of solid rocket motor casings. Fairchild 
Space, Report FSC-ESD-217-88-426, July 1988, 
https://ntrs.nasa.gov/citations/19920005979. 


10. Hoerner, Sighard F., Fluid Dynamic Drag, Published by the Author, Midland Park, 
New Jersey, 1965. 


11. Global Reference Atmospheric Model (GRAM) Suite: 
https://software.nasa.gov/software/MFS-33888-1. 
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12. Iqbal, Naeem, Mark Salley, and Sunil Weerakkody, Fire Dynamics Tools (FDTs) 
Quantitative Fire Hazard Analysis Methods for the USNRC Fire Protection 
Inspection Program, NUREG-1805, Washington, DC, November 2004. 


13. Julier, Simon J., and Jeffery K. Uhlmann, A General Method for Approximating 
Nonlinear Transformations of Probability Distributions, Technical report, RRG, 
Dept. of Eng. Science, University of Oxford, Nov 1996. 


14. Kingery, C. N. and Bulmash, G., Airblast Parameters from TNT Spherical Air Burst 
and Hemispherical Surface Burst, ARBRL-TR-02555, Ballistic Research 
Laboratory, Aberdeen Proving Ground, MD, 1984. 


15. Koppenwallner, G., The Drag of Simple Shaped Bodies in the Rarefied Hypersonic 
Flow Regime, AIAA 20th Thermophysics Conference Williamsburg, VA, 1985. 


16. Kuo, Kenneth K. Fundamentals of Solid-Propellant Combustion, American Institute 
of Aeronautics and Astronautics, dated October, 1984. 


17. Lambert, Jack D., Computational Methods in Ordinary Differential Equations, John 
Wiley & Sons, Chichester, 1977. 


18. Larson, Erik W.F, and George M. Lloyd, Application of Kernel Density Estimation 
to Impact Probability Density Determination for Risk Analysis, 48th AIAA 
Aerospace Sciences Meeting Including the New Horizons Forum and Aerospace 
Exposition, Orlando Florida, January 2010. 


19. Manning, Ted A. and Scott L. Lawrence, Fragment Acceleration Modeling for 
Pressurized Tank Burst, Journal of Spacecraft and Rockets, Vol. 54, No. 3, 
May-June 2017. https://arc.aiaa.org/doi/full/10.2514/1.A33765. 


20. Pike J. A., Injury Scaling, Automotive Safety, Anatomy, Injury, Testing and 
Regulation, Published by Society of Automotive Engineers, Inc., SAE, 1990. 


21. Richardson, Erin, et al, Richardson, Erin, et al, Monte Carlo Approach to Modeling 
the Breakup of the Space Launch System EM-1 Core Stage with an Integrated Blast 
and Fragment Catalogue, dated December 8, 2014. 
https://ntrs.nasa.gov/citations/20150002599. 


22. Risk Committee, Range Safety Group, Range Commanders Council, Common Risk 
Criteria for National Test Ranges, RCC 321-20 and RCC 321-20 Supplement, 
White Sands, NM 2020. https://www.wsmr.army.mil/RCCsite/Documents/321-
20_Common_Risk_Criteria_Test_Ranges/321-
20_Common_Risk_Criteria_Test_Ranges.pdf. 


23. Snyder, M.W., Analysis of Video Imagery of the Reentry and Breakup of the STS-31 
External Tank, dated August 6, 2002. https://ieeexplore.ieee.org/document/576656. 


24. Wilde, Paul D., and Chris Draper, Aircraft Protection Standards and 
Implementation Guidelines for Range Safety, 48th AIAA Aerospace Sciences 
Meeting Including the New Horizons Forum and Aerospace Exposition, Orlando 
Florida, January 2010. 
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4 DEFINITION OF TERMS. 
For this AC, the terms and definitions from § 401.7, and this list, apply: 


4.1 Event Scenario 
A specific failure of a vehicle defined by its failure response mode and breakup list. 


4.2 Failure Mode 
A failure mode is a category of potentially hazardous events that share significant 
similarity in system response, prior to consideration of mitigations or hazard control 
strategies. 


4.3 Fragment Class 
A fragment or set of fragments with similar characteristics that is defined by a 
representative fragment and the number of fragments it represents. 


4.4 Hazard 
Any real or potential condition that could cause injury, illness, or death of people; or 
damage to or loss of equipment, or property. 


4.5 Hazardous Debris 
Any object or substance capable of causing a casualty or loss of functionality to a 
critical asset. Hazardous debris includes inert debris and explosive debris such as an 
intact vehicle, vehicle fragments, any detached vehicle component whether intact or in 
fragments, payload, and any planned jettison bodies. 


4.6 Intact 
A vehicle or any detached motor or engine that is substantially intact during ballistic 
flight, even though there may be some missing pieces. 


4.7 Malfunction Turn Failures 
Events that can lead to the vehicle deviating outside of its normal trajectory bounds 
including all behavior ranging from gradual turns to rapid turns. 


4.8 Mission 
The launch or reentry vehicle description and its intended operation, the flight profile, 
the flight safety system, and the flight abort rules under which the operation will be 
conducted. 


4.9 Monte Carlo Simulation 
A simulation in which random statistical sampling techniques are employed to 
determine estimates for unknown values. Monte Carlo methods include computational 
algorithms that, for example, repeatedly sample from probability distributions that 
characterize input parameters (such as the weight, thrust, and drag of a vehicle) and 
perform physics-based simulations to obtain numerical results (such as a set of 
trajectories that characterize flight under normal or malfunction conditions). 
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4.10 Statistically Valid 
A “statistically valid” analysis is the result of a sound application of mathematics and 
accounts for the uncertainty in any statistical inference due to sample size limits, the 
degree of applicability of data to a particular system, and the degree of homogeneity of 
the data. The specific approach to establish statistical validity depends on the context of 
the particular analysis, as described in this AC and others. 


4.11 Uncertainty 
The absence of perfectly detailed knowledge of input to the risk analysis models, but 
not in the definition of the models. Uncertainty includes incertitude (the exact value is 
unknown) and variability (the value is changing). Uncertainty may also include other 
forms such as vagueness, ambiguity, and fuzziness (in the sense of border-line cases). 
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ACRONYMS. 
AC – Advisory Circular 
AFB – Air Force Base 
CAD – Computer Aided Design 
CAS – Cylindrical Annulus Sector 
CF – Continuum Flow 
CFR – Code of Federal Regulations 
COSPAR – Committee on Space Research 
DFO – Distant Focusing Overpressure 
DOF – Degree of Freedom 
FAA – Federal Aviation Administration 
FMF – Free Molecular Flow 
FSA – Flight Safety Analysis 
FSS – Flight Safety System 
FTS – Flight Termination System 
GAR – Glass-to-Area Ratio 
GFS – Global Forecast System 
GI - Gastrointestinal 
GPS – Global Positioning System 
HD – Hazard Division 
IIP – Instantaneous Impact Point 
KDE – Kernel Density Estimation 
LHA – Land Hazard Area 
NAM – North American Mesoscale 
NOAA – National Oceanic and Atmospheric Administration 
NOTAMs – Notices to Airmen 
NOTMARs – Notices to Mariners 
OMB – Office of Management and Budget 
PAVM – Probabilistic Aircraft Vulnerability Models 
SRM – Solid Rocket Motor 
TNT – Trinitrotoluene 
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6 OVERVIEW. 
In accordance with § 450.115(a), an operator’s flight safety analysis method must 
account for all reasonably foreseeable events and failures of safety-critical systems 
during nominal and non-nominal launch or reentry that could jeopardize public safety. 
AC 450.113-1 can be used to determine the level of fidelity for flight safety analysis. 
Once an operator has determined that a high fidelity flight safety analysis is required, 
the method in paragraph 6.1 of this AC can be used. 


6.1 High-fidelity Flight Safety Analysis Method. 


6.1.1 The first step in performing a high-fidelity flight safety analysis is to collect existing 
relevant input, and define and create input unique to the high-fidelity analysis. Input 
should include the following: 


• Mission information identified in paragraph 7.1 of this AC. 


• A probability of failure analysis that must be performed to comply with § 450.131; 
see AC 450.131-1 Probability of Failure Analysis. 


• All vehicle normal and malfunction trajectories as specified in §§ 450.117 and 
450.119; see AC 450.117-1 Trajectory Analysis and AC 450.119-1 High Fidelity 
Malfunction Trajectory Analyis. 


• The flight abort rules required by § 450.108; see AC 450.108-1 Flight Abort Rule 
Development. 


• The vehicle break-up limits that are required by § 450.121(d)(2). 


6.1.2 The second step is to identify hazards and hazard producing events. The operator should 
apply the flight abort rules and vehicle break-up limits to the normal and malfunction 
trajectories to obtain a set of failure events, in accordance with the requirements of 
§ 450.108(f). These failure events, and all planned events, should be specified by state 
vectors that are defined by mean time of failure, position and velocity at the failure 
event point, and the probability of the failure occurring. An operator should follow the 
hazard identification analysis of paragraph 7.2 of this AC. 


6.1.3 The third step is to develop a debris list, in accordance with the debris analysis 
requirements of § 450.121(a) and (b), which has two parts: 
1. Characterization of the hazardous debris resulting from a hazard producing event 


using chapter 7 of this AC. 
2. Quantitative description of the hazardous debris in terms of aerodynamic and 


harmful characteristics using chapter 8 of this AC. 


6.1.4 The fourth step is to perform a risk analysis that computes individual risk, collective 
risk, risk to aircraft, and risk to any critical assets. Computing risk can be an iterative 
process if the computed risk exceeds the risk thresholds of § 450.101 and then 
additional mitigations are identified. To compute risk, an operator should perform the 
following steps: 
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1. Propagate the hazardous debris to impact to comply with § 450.121(c) using the 
procedure in chapter 9 of this AC. 


2. Calculate a probability of impact distribution in accordance with § 450.117(a)(1) 
using chapter 10 of this AC. 


3. Determine the population exposure to hazards resulting from hazard producing 
events using the consequence modeling approach of chapter 11 of this AC. 


4. Compute risk using chapter 12 of this AC. 


6.1.5 The fifth step is to use the results of the risk analysis to define flight hazard areas using 
chapter 13 of this AC. The operator should provide information to construct: 


• Waterborne vessel hazard areas, i.e., Notices to Mariners (NOTMARs) in 
accordance with § 450.133(b), 


• Land hazard areas in accordance with § 450.133(c), and 


• Airspace hazard volumes, i.e., Notices to Airmen (NOTAMs), to comply with 
§ 450.133(d) requirements. 


6.1.6 The sixth step is to document all previous steps to comply with § 450.113(a). 
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7 MISSION DEFINITION AND HAZARD IDENTIFICATION. 
For the flight safety analysis discussion, the term “mission” is defined to include the 
launch or reentry vehicle description, the flight profile, the flight safety system, and the 
flight abort rules under which the operation will be conducted. The hazard control 
strategy determination involves the description of all functional failures associated with 
reasonably foreseeable hazardous events that have the capability to create a hazard to 
the public, in accordance with the functional failure analysis required by 
§ 450.107(b)(1). These hazardous events should be described in terms of the type of 
vehicle breakup. A discussion of types of vehicle breakups appears in paragraph 8.1 of 
this AC. When an operator uses flight hazard analysis as a hazard control strategy, a 
flight hazard analysis must identify, describe, and analyze all reasonably foreseeable 
hazards to public safety resulting from the flight of a launch or reentry vehicle, in 
accordance with § 450.109(b). The following subparagraphs address the factors and 
requirements for defining a mission, and the approach for identifying hazardous events 
that could create hazardous debris. 


7.1 Mission Description. 
Prior to the start of a flight safety analysis, several aspects of the mission should be 
described a manner that conveys an understanding of the launch or reentry vehicle, its 
performance, and its potential modes of failure. The objective and details of the mission 
must be identified in accordance with §§ 450.41(e)(4), 450.117, and 450.213(b). The 
flight safety analysis is constrained by a set of flight abort rules, if an operator is using 
this hazard control strategy, when flight abort is used in accordance with § 450.108 as a 
hazard control strategy for the flight or phase of flight of a launch or reentry vehicle to 
meet the safety criteria of § 450.101. In accordance with § 450.108(f), the mission 
description must include all flight abort rules and the specific steps that will be followed 
to implement a flight abort. 


7.1.1 Defining the Vehicle/System. 
Details of the vehicle configuration must be documented in accordance with 
§ 450.45(e)(3), including all vehicle systems, such as structural, thermal, pneumatic, 
etc. In accordance with § 450.167, this also includes instrumentation used to track the 
position and velocity of the vehicle. Such instrumentation can include telemetry, GPS 
receivers, and transponders, as well as the associated tracking rates, and the accuracy of 
these data. 


7.1.1.1 Vehicle Propellants. 
In accordance with § 450.45(e)(3)(i) all propellants must be described, 
including their type, quantity, and the characteristics of these propellants. 
It may be appropriate to include propellant mass and density, rate of 
burning – at both operating pressures and ambient pressures, propellant 
shape within the motor for solid propellants, and previous flight history 
including potential variations in the thrust (average, maximum, and 
minimum) as part of the propellant identification required by 
§ 450.45(e)(3)(i). The state of the vehicle and the accounting for all 
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propellants should be specified by its mass properties as a function of 
flight time. 


7.1.1.2 Sources of Hazardous Debris and Trajectory Analysis for 
Malfunction Flight. 
The actions of the guidance and control systems that affect a vehicle’s 
performance and responses must be quantified if those parameters meet 
the condition set in accordance with § 450.119(b)(3). This quantification 
should include details of the thrust vector control actions, attitude control 
thrusters, aerodynamic surfaces or fins. In accordance with § 450.119(a), 
the vehicle deviation capability in the event of a malfunction must be 
identified. This should be defined in terms of velocity turn data or 
malfunction turn trajectories, and should include turning capability over a 
range of thrust offsets and/or aerodynamic surface displacements, 
including the maximum values of these parameters. As applicable, turn 
data for failures such as nozzle burn through, solid rocket motor (SRM) 
case burn through, or structural failure of an aerodynamic surface should 
be included. For additional detail regarding trajectory analysis, refer to 
AC 450.117-1, Normal Trajectory Analysis and AC 450.119-1, High-
Fidelity Malfunction Trajectory Analysis. 


7.1.2 Defining the Mission Scenario. 
To perform a high-fidelity flight safety analysis, it is necessary to define a launch or 
reentry mission in sufficient detail to meet §§ 450.41(e)(4), 450.117, and 450.213(b). 
This includes the mission objectives, a description of the launch or reentry vehicle, a 
description of the intended vehicle flight profile and potential variations, and 
identification of the locations and regions that will be affected by a normal mission. 


7.1.2.1 Launch and Reentry Mission Activities. 
Launch begins when hazardous pre-flight operations commence at a U.S. 
launch site that may pose a threat to the public. Hazardous pre-flight 
operations that may pose a threat to the public include pressurizing or 
loading of propellants into the vehicle, operations involving a fueled 
launch vehicle, the transfer of energy necessary to initiate flight, or any 
hazardous activity preparing the vehicle for flight. Hazardous pre-flight 
operations do not include the period between the end of the previous 
launch and launch vehicle reuse, when the vehicle is in a safe and dormant 
state, in accordance with § 450.3(b). A reentry mission includes activities 
conducted in Earth orbit or outer space to determine reentry readiness and 
that are critical to ensuring public health and safety and the safety of 
property during reentry flight. Reentry also includes activities necessary to 
return the reentry vehicle, or vehicle component, to a safe condition on the 
ground after impact or landing, in accordance with § 450.3(c). 
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7.1.2.2 Mission Objectives and Constraints. 
An applicant must define the primary mission objectives and constraints in 
accordance with § 450.213(b). This includes a thorough description of the 
payload or reentry vehicle; including the class and function, physical 
dimensions and weight, payload owner and operator, intended payload 
operations during its lifetime, amounts and types of hazardous and 
radioactive materials in the payload, and the explosive potential of 
materials in the payload. For an orbital mission, mission objectives should 
also include the range of intermediate and final orbits of each vehicle 
upper stage and payload, and estimated orbital lifetimes, including the 
parameters defining parking, transfer and final orbits, approximate transit 
times to final orbit, and designated reentry site(s) for each object to be de-
orbited. 


7.1.2.3 Mission-specific Description. 
In accordance with § 450.45(e)(3) must provide a written description of 
the vehicle or family of vehicles, which should include the model, type, 
configuration, and characteristics of the launch vehicle, or family of 
vehicles, proposed for launch or reentry. In accordance with 
§ 450.45(e)(3), this written description includes, but is not limited to 
structural, thermal, pneumatic, propulsion, electrical, and avionics and 
guidance systems used in each vehicle, and all propellants. The description 
must include a table specifying the type and quantities of all hazardous 
materials on each vehicle and must include propellants, explosives, and 
toxic materials. For pressurized tanks and motors, it should include data 
specifying pressure versus flight time. For all periods of thrust, the 
description should include thrust versus flight time, with relevant 
uncertainties, and nozzle inlet, throat and exit areas. In accordance with 
§ 450.45(e)(3) the vehicle description must include drawings that identify 
each stage, including strap-on motors; physical dimensions, which should 
include enough lengths, widths, thicknesses, angles of curvature to 
produce a fully dimensioned outer-mold line and relevant material 
response to external loads; location of all safety-critical systems; location 
of all major vehicle control systems, propulsion systems, pressure vessels, 
and any other hardware that contains potential hazardous energy or 
hazardous material. In accordance with § 450.117(d)(2), the applicant 
must submit quantitative input data, including uncertainties, sufficient to 
model the vehicle’s normal flight in 6 degrees-of-freedom, which includes 
mass properties such as the nominal center of gravity and moments of 
inertia versus flight time with relevant uncertainties. In accordance with 
§ 450.121(d)(2), the applicant must submit a description of the methods 
used to perform the vehicle impact and breakup analysis, which should 
include the vehicle’s structural limits. For an unguided suborbital launch 
vehicle, the description should identify the location of the center of 
pressure in relation to its center of gravity for the entire flight profile. For 
a guided launch vehicle, the description must include a complete set of 
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relevant aerodynamic coefficients, including uncertainties, sufficient to 
describe a 6 degree-of-freedom simulation for normal flight in accordance 
with § 450.117(d)(2). 


7.1.2.4 Intended Vehicle Flight Profile and Potential Variations. 
For each proposed vehicle flight profile, the flight azimuths, trajectories, 
associated ground tracks and instantaneous impact points must be defined 
for the duration of the licensed activity, including any contingency abort 
profiles, in accordance with § 450.41(e)(4). To comply with § 450.117(a), 
the trajectory data must include the nominal trajectory as well as sets of 
trajectories sufficient to characterize variability in accordance with 
§ 450.117(a)(1) and uncertainty in accordance with § 450.117(a)(2) during 
normal flight. Variability should describe how the intended trajectory 
could vary due to conditions known prior to initiation of flight. 
Uncertainty should describe how the actual trajectory could differ from the 
intended trajectory due to random uncertainties in all parameters with a 
significant influence on the vehicle’s behavior throughout normal flight. 


7.1.2.5 Trajectory Analysis Outputs and Abort Flight Profiles. 
The trajectory data should provide a fuel exhaustion trajectory that 
produces instantaneous impact points with the greatest range for any given 
time after liftoff for any stage that has the potential to impact the Earth. 
Vehicles using flight abort as a hazard control strategy require trajectory 
data or parameters that describe the limits of a useful mission in 
accordance with § 450.119(a)(3). Also, any contingency abort flight 
profiles should be defined. The trajectory analysis outputs required by 
§ 450.117(d) should include the position, velocity, and vacuum 
instantaneous impact point for each second of flight, and the planned 
sequence of events or maneuvers during flight. 


7.1.2.6 Flight Mission Limits. 
Under § 450.119(c)(4)(iii), the description must also provide the trajectory 
data that characterize the limits of a useful mission, i.e., one that can attain 
one or more mission objectives. This should include specification of the 
worst wind conditions under which flight might be attempted, and a 
description of how the operator will evaluate the wind conditions and 
uncertainty in the wind conditions prior to initiating the operation. 


7.1.2.7 Wind Weighting. 
For an unguided suborbital launch vehicle, under § 450.111(b), the wind 
weighting safety system must describe how the launcher azimuth and 
elevation settings will be wind weighted to correct for the effects of wind 
conditions at the time of flight to provide a safe impact location. 
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7.1.2.8 Affected Locations and Regions. 
The launch or reentry site should be defined, including any contingency 
abort locations. This includes the boundaries of the launch and landing (or 
impact) point locations for all mission hardware, including latitude and 
longitude, as well as identification of any facilities at the sites that will be 
used for pre- or post-flight ground operations. For all launch, reentry, or 
disposal sites, this should include all regions of sea, land, or air that 
contain, with 97 percent probability of containment, all hazardous debris 
resulting from normal flight events capable of causing a casualty, in 
accordance with §§ 450.133(b)(1), (c)(1), and (d)(1). Also, all areas of 
land that could be overflown by a normal mission, including variations 
and uncertainty in the trajectory, must be depicted in accordance with 
§ 450.108(g)(3) whenever flight abort is used as a hazard control strategy. 


7.1.3 Defining Flight Safety Systems. 
In accordance with § 450.119(b)(4), a high-fidelity flight safety analysis must account 
for the potential for failure of a flight safety system (FSS), if any. An FSS may be 
required to control, contain, or mitigate hazards to satisfy the flight safety criteria of 
§ 450.101. In accordance with § 450.101(c)(1), an operator can protect against a high 
consequence event in uncontrolled areas for each phase of flight by using flight abort as 
a hazard control strategy with an FSS that meets the requirements of § 450.108 if any 
reasonably foreseeable failure response mode could result in conditional expected 
casualties for uncontrolled areas, as defined in § 401.7, that exceed 1 x 10-2 . 


7.1.3.1 Mitigating Risk of a Flight Safety System. 
The FSS may need to be used for each stage of flight that poses a hazard 
in accordance with § 450.108(a), and its response should be correlated 
with the nature of the abort and the hazards to be mitigated. The FSS may 
result in termination of vehicle thrust by cutting the flow of propellants, 
resulting in a landing or other non-destructive outcomes. This is usually 
the case for pilot initiation of the FSS. Alternately, it may be a destruct 
system that terminates thrust using charges to cut open the propellant 
tanks and disperse liquid propellants or to depressurize solid propellant 
motors, which will likely result in the breakup of the vehicle and 
potentially yield an explosion. 
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7.1.3.2 Use of a Time Delay Analysis. 
The design of the FSS must include a time delay analysis, in accordance 
with § 450.108(d)(4). This analysis should establish the mean and 
uncertainty distribution for the elapsed time between the violation of a 
flight abort rule and the time when the flight safety system is capable of 
aborting flight for use in establishing flight safety limits. Considerations 
for the FSS design should include whether it is activated by remote 
command, e.g., a Missile Flight Control Officer (including a pilot), 
triggered by a premature separation system such as lanyard pull, or 
automatically triggered by an on-board autonomous flight safety system. 


7.2 Identifying Hazards and Hazard Producing Events. 
In accordance with § 450.107(b), an operator must identify all functional failures 
associated with reasonably foreseeable hazardous events that have the capability to 
create a hazard to the public. This should include evaluating the hazards from hazardous 
debris if an undesirable situation occurs during flight, and quantification of the 
subsequent risk to people and assets. Following the identification of the hazardous 
debris hazard producing events, a thorough review should be performed to confirm that 
all events have been identified and that these events are reasonable and foreseeable for 
the specific launch or reentry vehicle and mission plan. 


7.2.1 Vehicle Impact and Breakup Analysis. 
The hazardous debris generating hazardous events must include the potential for 
structural breakup of the vehicle pursuant to § 450.121(b), which can include explosive 
events that occur during a malfunction due to aerodynamic, inertial, and heating loads 
acting on the vehicle. Destruct breakup of the vehicle resulting from activation of the 
flight safety system due to violation of a mission flight abort rule should also be 
considered under § 450.121(b). Potential events that could result in vehicle breakup 
while following a normal trajectory include: an explosion, rupture of a motor case or 
other pressure vessel, SRM burn-through, or structural failure due to loads (thrust, 
aerodynamic, inertial). Events that could lead to a vehicle deviating outside of its 
normal trajectory bounds are referred to as malfunction turn failures and include all 
behavior ranging from gradual turns to rapid turns resulting in a tumbling vehicle. They 
may also include gravity turns wherein the vehicle attitude is controlled to maintain a 
zero or near zero angle of attack. 


7.2.2 Failed Vehicle Event Hazards. 
Potential hazards from failed vehicle events should be identified. This includes 
inadvertent separation between stages of a vehicle or of a strap-on SRM. This should be 
addressed during normal flight and during a vehicle malfunction. The analysis should 
consider if any motors or engines can fail to ignite during staging or fail to shut down at 
the planned event times. 
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7.2.3 Planned Jettisoned Hazardous Debris. 
In accordance with § 450.109(b), if an operator is conducting a flight hazard analysis 
for this phase of flight, all reasonably foreseeable hazards to public safety for a planned 
mission must be identified. This can include planned jettisoned hazardous debris such 
as discarded stages, inter-stage hardware, hardware ejected prior to igniting a stage such 
as nozzle closures, support struts or rings, payload fairing pieces, and (for a sub-orbital 
launch) the payload. It can also include a planned intercept of the launch vehicle or 
vehicle payload with another launch vehicle or its payload. 


7.3 Hazard Management to Minimize Public Risk. 
The ideal way to manage risk and minimize the hazards in the region of a launch or 
reentry is to conduct the operation in a remote area. In that case, hazards can be isolated 
and risks to the public can be minimized or possibly eliminated. However, complete 
containment of hazards generated by even a suborbital vehicle is usually not possible, 
because populated areas tend to encroach on even the most remote sites, and areas at 
risk become too large to accommodate reasonable surveillance and access control 
measures. In these situations, a flight safety system often becomes necessary in 
accordance with § 450.108(c)(6) to protect the public from the potential hazards 
associated with a launch or reentry activity. A flight safety system may be destructive or 
non-destructive. A traditional flight safety system designed to terminate a vehicle’s 
thrust and disperse its remaining propellants, resulting in falling vehicle breakup that 
results in inert fragments, is an example of a destructive system. Non-destructive flight 
safety systems include abort systems designed to render a vehicle non-propulsive, 
leading to potential recovery of an intact vehicle or its components. In either case, 
hazards to the public may still exist. 


7.3.1 Risk Management of High Risk Areas. 
Risk management often includes the evacuation of people from high risk areas or the 
sheltering of people to minimize their exposure to the hazards. This includes the 
development of hazard areas (or corridors) from which pedestrian, motorized vehicle, 
train, waterborne vessel, and/or aircraft traffic are cleared. 


7.3.2 Minimizing Risk using Timing and Scheduling of Mission. 
Another method often used to manage risk is to limit occurrence of a mission to a time 
when the risks are low. This includes restricting a mission to be initiated during 
favorable meteorological conditions during which dispersions of hazards will not reach 
populated areas, or the likelihood of causing casualties is sufficiently low to meet risk 
acceptance criteria. It also may include restrictions to specified times during the day or 
days of the week when population exposure is minimized. 


7.3.3 Minimizing Risk by Modifying the Mission Profile. 
If the risk to the public or critical assets cannot be mitigated by containment of the 
hazards, or sheltering of people, the operator should modify the mission profile. 
Modifications to the mission profile can include: 
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• Changing the launch azimuth to preclude or reduce the overflight of populated 
areas, 


• Modification of the mission trajectory shaping (such as altitude as a function of 
downrange location) to mitigate the potential spread of the hazard, 


• Adjusting the timing of planned debris events, such as jettisons, 


• Placing limits on the allowable dispersions of the vehicle from the intended 
trajectory for which continued flight will be allowed (even if the vehicle has the 
potential to achieve a usable trajectory or provide the operator with useful data), or 


• Restricting launch during adverse wind conditions. 


8 HAZARDOUS DEBRIS CHARACTERIZATION. 
In accordance with § 450.121(a), a flight safety analysis must include a debris analysis 
that characterizes the hazardous debris generated from normal and malfunctioning 
vehicle flight as a function of vehicle flight sequence. Normal flight-related hazardous 
debris events are due to planned jettisons such as spent stages, fairings, nozzle covers, 
and similar items. Vehicle breakup during on-trajectory normal flight can also occur 
due to aerodynamic forces, inertial forces, structural vibrations, thermal loads, and other 
effects that exceed the structural design limits of the vehicle. Malfunctioning vehicle 
flights that do not become orbital will result in vehicle breakup or intact impact. In this 
chapter, guidelines to develop hazardous debris lists or ‘hazardous debris catalogues’ 
for these vehicle breakup events are presented. The methods described here comply 
with §§ 450.121(b) and 450.121(d)(1), (2), and (5). In accordance with § 450.121(b), a 
debris analysis must account for: 


• Each reasonably foreseeable cause of vehicle breakup and intact impact; 


• Vehicle structural characteristics and materials; and 


• Energetic effects during break-up or at impact. 


8.1 Developing Hazardous Debris Lists for Range Safety Analyses. 
Development of vehicle fragmentation characteristics given command destruct action, 
self-induced failure, or aerodynamic or aerothermal breakup is a statistically uncertain 
and semi-empirical process due to the myriad of potential outcomes. Vehicle designers 
understandably focus the majority of their engineering design time and expertise on 
optimizing nominal flight performance and vehicle loading within a normal range of 
thrust and angle of attack variations. When flight deviations become extreme to the 
point of vehicle mechanical failure, the mission is lost as far as the manufacturer and 
operator are concerned. However, the consequences of these potential failures are a 
primary concern for the protection of the public and for the assessment of associated 
risks. Hence, a quantitative description of the physical, aerodynamic, and harmful 
characteristics of hazardous debris are required by § 450.121(d)(5). 
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8.1.1 Characterizing Attributes of Hazardous Debris. 
Due to the uncertainties in break-up, manufacturers and operators are inclined to 
produce conservative debris lists rather than develop thousands of sets of high-fidelity 
predictions. Explosive breakup and fragment accelerations are complex processes 
involving release of compressed gas energy, possible detonation of confined 
propellants, degree of propellant mixing, propellant deflagration, combustion gas 
expansion, potential cryogenic liquid flashing, and impulse and drag effects on 
fragments. Accurate results from higher fidelity models pose the challenge of 
combining both flow dynamics and structural breakup integrated models. Higher 
fidelity models are inherently focused on narrow subsets of the solution space. 
Empirical data from test programs or observations from real-world failure events are 
essential data sets needed to validate or tune higher fidelity models or provide 
empirically defined initial conditions that are not explicitly modeled. Deterministic 
model simulations, field tests, and real-world failures constitute discrete samples of 
highly variable and uncertain processes. Ideally, a statistical modeling approach is 
desired to characterize the attributes of hazardous debris. Therefore, in accordance with 
§ 450.101(g), the method must produce results consistent with or more conservative 
than the results available from previous mishaps, tests, or other valid benchmarks, such 
as higher-fidelity methods. 


8.1.2 Debris Analysis Requirements. 
In accordance with § 450.121(b), a debris analysis must account for (1) each reasonably 
foreseeable cause of vehicle breakup and intact impact, (2) vehicle structural 
characteristics and materials, and (3) energetic effects during break-up or at impact. All 
models should be based on considerations of the loads and structural response that 
could be expected during flight, including the combined effects of: 


• Aerodynamic loads, 


• Thrust loads, 


• Effects of flight termination system action, such as ordnance, 


• Explosions or deflagrations of solid rocket propellant such as those that occur in a 
propellant burn-through, 


• Secondary liquid propellant mixing and fireball expansion loads, 


• Fracture mechanics, for example, from a failure of the pressurized liquid propellant 
tanks, overpressure of an SRM or losing a nozzle in an SRM, 


• Breakup of structural elements, such as interstages, avionics wafers, payload 
attachments and fairings that do not act as a confinement surface for an energetic 
propellant, and 


• Fragmentation impact among structural elements during breakup. 
Note: These processes generally occur as the mechanical failure progresses through 
high strain rates and non-linear plastic deformation of vehicle components. Vehicle 
manufactures possess the greatest amount of detailed information about the 
construction of their own launch vehicles. The analysis should bound the 
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uncertainties involved. Debris catalogs are often a development that matures as 
knowledge of the vehicle matures. Initial assessments should err on the side of 
conservatism towards public safety, and higher fidelity models should be applied if 
necessary to demonstrate compliance with the quantitative risk criteria in § 450.101. 


8.1.3 Comparing to Hazardous Debris Data for Vehicle Failures. 
Actual failure events generally occur over broad ocean areas and most of the vehicle 
hazardous debris is seldom observed or recovered. When launch failures occur early in 
flight and the hazardous debris field is largely over land around the launch facility, (e.g., 
Titan 34D-9 at Vandenberg AFB), the ensuing accident investigation board generally 
focuses attention on investigation of the components that caused the launch failure (e.g., 
one SRM segment). The final accident report is often silent on the amount of total 
vehicle hazardous debris recovered. However, data does exist from some historic 
accidents and from some test campaigns. Debris catalog models must use results 
available from previous mishaps, tests – both for model accuracy and for assigning 
uncertainties around piece counts, sizes and imparted velocities in accordance with 
§ 450.101(g). Small debris pieces generated during tests or accidents that may be 
hazardous to aircraft are of interest to debris list development but this class of fragment 
size may not have been collected or catalogued due to the difficulty in identifying and 
locating them or excessive time consumed attempting to collect them. Absence of such 
pieces in reported debris collections does not necessarily infer that these size classes 
were not generated, and, therefore the analysis should include uncertainties to account 
for ground rules applied in debris data collection campaigns. 


8.1.4 Debris Characterization for Consequence Evaluation. 
Range safety analysts are also charged in accordance with § 450.133(a) through 
§ 450.133(d) with attempting to evaluate post-vehicle failure hazardous debris impact 
hazards and risks to people and structures on the ground, and to ships or aircraft 
operating in the launch area or under the launch flight path. To perform such analyses, 
the analyst needs to give reasonable consideration, in accordance with § 450.121(a) 
through § 450.121(c), to the total amount of launch vehicle hazardous debris generated 
and to estimate the numbers, sizes, shapes, masses, demise characteristics, drag 
characteristics, lift characteristics, and explosive potential for each fragment category. 


8.1.5 Required Vehicle Information to Develop Breakup Hazardous Debris Lists. 
Preparation of hazardous debris fragment lists resulting from failure-initiated vehicle 
destruction, planned jettison events, and intact impact events, should rely on several 
types of information. Ideally, empirical data defined from analysis of recovered 
hazardous debris is the most desirable. Such empirical data by itself is insufficient alone 
for the development of hazardous debris fragment lists because of the methods used to 
recover fragments after malfunctions usually only focus on the large, easily found 
pieces. The operator can use other information that could provide guidelines to assist in 
the development of hazardous debris fragment lists. Generally, this includes vehicle 
materials and methods of construction, and defining potential structural weaknesses. 
The following are typical sources of data that may be available: 
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8.1.5.1 Vehicle Structural Description. 
Descriptions of the vehicle and payload, including scaled diagrams that 
show the general arrangement and dimensions of components. 
Three-dimensional Computer Aided Design (CAD) drawings are typically 
prepared during the design and fabrication of space vehicles. These digital 
3-dimensional drawings could provide most of the geometric and mass 
information needed for generating a hazardous debris list. 


8.1.5.2 Propulsion System Description. 
Specifications of the propulsion system including case material (outer 
case, lining, insulation, thickness, density, strengths) should be provided, 
including descriptions of nozzles, steering mechanisms, propellant types 
and ingredients, propellant density, and propellant weights versus time in 
flight. 
1. For solid propellants, the core radius (to outer edge of propellant), 


grain design, density, and internal pressure and web thickness versus 
time should be specified. For SRM cases, lining and insulation, the 
thickness, density and material strengths, as well as the expected burst 
pressure should be specified. 


2. For a liquid fueled engine and associated tankage, the pumping and 
pressurization systems and associated stored energy, materials 
(thicknesses, densities, strengths), and pressurization, including 
expected operating pressures and burst pressures, should be specified. 


3. For all propulsion system components, expected uncertainties around 
mass, dimensions, and material strengths should be specified. 


8.1.5.3 Flight Termination and Other Destruct Systems. 
Descriptions of destruct systems (command, automatic, separation), which 
includes descriptions of components and activation mechanisms, exact 
locations of all charges (beginning point, length, gap, ending point), 
descriptions of delays in activation of charges, and a discussion of 
whether, and under what circumstances, a destruct might ignite a non-
thrusting motor. 


8.1.5.4 Trajectory Data. 
Trajectory data for a typical mission, which includes normal trajectories, 
malfunction trajectories, and event times (ignitions, steering programs, 
burnouts, jettisons). Trajectory data are used to obtain vehicle velocity, 
attitude or angle of attack, and altitude from which to calculate 
aerodynamic and inertial loads for use in estimating vehicle breakup. 
Event times are used to indicate vehicle configuration at each breakup 
time. Some vehicle breakup simulation models apply both internal and 
external pressure conditions to calculate fragment acceleration and 
maximum velocities. The external pressure is a function of vehicle 
altitude, which can be obtained from the vehicle trajectory data. 
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Additional detail regarding trajectory data is available in AC 450.117-1, 
Normal and Malfunction Trajectory Analysis. 


8.1.5.5 Flight Abort Rules. 
Flight abort rules that define the allowable conditions for launch and 
activation of the flight safety system. These rules are detailed in 
AC 450.108-1, Using Flight Abort Rule as a Hazard Control Strategy. 


8.1.5.6 Vehicle Material Properties and Design Limitations. 
Knowledge of the vehicle’s material properties, anticipated operating 
envelope, design limitations, structural weak points (attachment points and 
points of transition between component geometries), and test results 
including the static and dynamic failure strengths of load-bearing 
components. Material properties should include, with associated 
uncertainties: density, yield and ultimate strengths, specific heat, thermal 
conductivity, and heat of fusion. Design limitations should include, with 
associated uncertainties: thicknesses, weld strengths, attachment types and 
materials, and margins of safety. 


8.2 Effect of Type of Vehicle Breakup on Hazardous Debris List. 
In accordance with § 450.121(b)(1), a debris analysis must account for each reasonably 
foreseeable cause of vehicle breakup and intact impact. The type of breakup affects the 
hazardous debris list and imparted velocities of those hazardous debris. There can be 
many failure modes for a vehicle and there can be multiple potential breakup modes for 
a given failure mode. The hazardous debris list depends on the breakup mode and not 
the failure mode. Vehicles can breakup due to many factors. In accordance with 
§ 450.121(d)(1), an applicant must provide a description of all scenarios that can lead to 
hazardous debris. Some of the common breakup categories observed for vehicles are 
given below. It should be noted that newer vehicles have many different types of 
failures and breakup modes. It is the responsibility of the applicant to consider all the 
relevant failure and breakup modes for their vehicle whether that mode is listed here or 
not. 


8.2.1 Catastrophic Explosion. 
An increase in chamber pressure inside an SRM that exceeds the ultimate strength of 
the motor casing can cause catastrophic explosions of that malfunctioning motor and 
generally lead to breakup of the vehicle. Liquid fueled rockets may experience 
overpressure in the combustion chamber, turbopump failures, propellant leaks, or 
overheating that can result in an explosive event. The cause of the uncontrolled increase 
in internal pressures could be an internal anomaly or a malfunction in other parts of the 
vehicle. The main parameters that affect the hazardous debris list are (a) the location of 
the explosion, and (b) high net internal pressure (internal pressure minus atmospheric 
pressure at that altitude) at the time of explosion. Typically, vehicle parts near the center 
of explosion break up into smaller pieces and have higher imparted speeds than 
hazardous debris away from the point of explosion. SRM failures that result when the 
motor case burst pressure is exceeded can have significantly higher chamber pressures 
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than when the same motor is destroyed by flight termination system (FTS) ordnance. 
Therefore, imparted hazardous debris speeds in these cases are typically higher than that 
for FTS induced breakup hazardous debris. Debris generation computer models should 
distinguish between vehicle components that comprise a containment structure for an 
explosive or energetic source (e.g., common bulkhead propellant tank, pressure vessel, 
ignited SRM) and those that do not because different assumptions apply to breakup and 
imparted algorithms for those cases. 


8.2.2 Flight Termination System (FTS) Initiated Breakups. 
When a vehicle malfunctions, the vehicle will either breakup inflight, impact the ground 
intact, or achieve orbital insertion. If unconstrained malfunction flight results in an 
unacceptable level of risk, then the vehicle may employ a flight abort system as a 
hazard control strategy and terminate powered flight in accordance with § 450.108(f)(2) 
to control risk. Thrust termination options include shutting down liquid fueled engines 
or inducing vehicle breakup using explosive charges. The breakup mechanism of the 
vehicle due to FTS destruct systems are different for different propellant types. The 
breakup hazardous debris characteristics also depend on the design and placement of the 
particular FTS system. FTS charges may be initiated automatically due to flight rules or 
manually by flight safety operators. It is also possible for them to be initiated during 
vehicle breakup due to other breakups such as aero breakup, aerothermal breakups, 
inertial and other structural breakups, and inadvertent stage separations. The breakup 
hazardous debris list and imparted speeds depend on the breakup mechanism and the 
time of flight. The aerodynamic forces, the amount of liquid propellant, the shape and 
thickness of the solid propellant casting, and the chamber pressure in currently burning 
SRMs all affect the imparted speeds of the hazardous debris. 


8.2.3 Aerodynamic Breakup. 
Launch and reentry vehicles are designed to withstand nominal acceleration loads along 
the axis of the vehicle and some small angles of attack. Higher angles of attack exert 
large bending moments, and they can break, typically near weaker parts of the vehicle, 
like mid-body construction joints, and inter-stages. Many vehicles have mechanisms to 
initiate destruct systems when a stage gets inadvertently separated. Therefore, many of 
these aerodynamic breakups may initiate FTS destruct charges and produce hazardous 
debris effectively the same as FTS type breakups. However, if there is no FSS, or FSS 
just cuts off thrust without inducing breakup, then the vehicle may break due to further 
structural loadings and the hazardous debris list would be much different from that due 
to an explosive FTS. 


8.2.4 Structural Breakups. 
Structural breakups can occur during normal trajectories as well as malfunction 
trajectories. Breakups on a normal trajectory are typically due to design or fabrication 
flaws. In this case, the vehicle breaks up due to excessive loads or vibrations 
experienced while traveling along the normal flight path. If the vehicle goes into a turn 
that results in a large angle of attack or results in a high rate of rotation during a 
malfunction in the lower atmosphere, it is likely to break up due to aerodynamic forces 
that exceed the vehicle Q-Alpha load limit. At high altitudes, with low atmospheric 
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pressures or in a vacuum, a high rotation rate can break up the vehicle if inertial forces 
exceed the structural limit of the vehicle. The breakup hazardous debris list from these 
events can be unique to the vehicle design and nature of the forces that drive the 
breakup sequence. Many breakup events that are initiated by a structural failure can be 
quickly followed by a catastrophic explosion can lead to initiation of an FTS destruct 
system. If that is the case, then the hazardous debris list may be substantially similar to 
that developed for the FTS event. 


8.2.5 Aerothermal Breakup. 
Aerodynamic heating can induce breakup of launch vehicles, stages, or reentry bodies, 
by virtue of both melting parts of the structure and weakening structural elements that 
are brought to high temperatures. Aerodynamic heating is proportional to velocity 
cubed, and therefore the heating rates are highly non-linear with respect to velocity. 
When objects reenter the Earth’s atmosphere either from an initial orbital condition, or 
from a loss of thrust or guidance failure during upper stage phases of flight approaching 
orbital velocity, reentry velocities are high enough to produce significant aerodynamic 
heating that may result in structural breakup and potential demise of fragments resulting 
from the breakup process. Atmospheric density and shape of the vehicle (i.e., stagnation 
radius) also affect aerodynamic heating rates and are factors that should be considered 
in an aerothermal breakup model. An important and complicating factor that has 
significant effect on aerodynamic heating induced breakup is the design and integrity of 
thermal protective layers or systems used on a reentry body. A controlled reentry of a 
system with a properly designed thermal protection system will result in an intact 
vehicle surviving the reentry heating regime. A damaged thermal protection system can 
result in breakup of the vehicle even under controlled flight, as was the case for the 
Space Shuttle Columbia, which shed approximately 90,000 hazardous debris pieces 
during a several minute reentry breakup phase (see reference [6] in section 3.4 of this 
AC). Alternatively, there are aerothermal loads that can compromise a vehicle or a 
vehicle component that can result in a very different debris scenario – an example of 
which would be the jettisoned Space Shuttle External Tanks, which broke apart due to 
aerothermal loads and burst abruptly into substantially fewer pieces than the Orbiter 
reentry. Reentry vehicles that contain residual liquid propellants may also experience an 
explosive event that further breaks up the reentry body. 


8.2.6 Reentry Breakup Fragments by Material Type. 
Fragments released from an aerodynamic heating breakup process can be used to define 
hazardous debris classes and conservatively applied to ground risk calculations by 
ignoring any further reentry demise as the fragments fall to the ground from the release 
altitude. When risks from reentry aerothermal breakup are high, demise of fragments 
during free fall should be evaluated. Aluminum fragments are most likely to reach melt 
temperature and demise due to the low melting point of aluminum. Titanium, stainless 
steel, and carbon-carbon materials are more likely to survive reentry heating. Material 
properties of reentry fragments are needed to perform reentry demise calculations. 
Reentry demise of fragments released from the breakup of a complex or large reentry 
body are often modeled as lumped mass objects with simple geometric shapes to 
support drag, stagnation radius, and heated area parameter allocations. Uncertainties 
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and conditions under which lumped mass assumptions break down (larger objects, 
complex shapes, and multiple material types in one piece) should be evaluated. A 
hazardous debris risk analysis using aerothermal breakup defined fragments should 
recognize that demise during free fall can change the ballistic coefficient of the 
fragments, and therefore shift the ground impact point relative to an approach that 
ignores demise. 


8.2.7 Partial Breakups and Shedding. 
It is possible for a vehicle to break up partially resulting in separated intact stages and 
boosters still thrusting or capable of residual thrusting. These large pieces should be 
propagated using proper trajectory propagation methods as described in AC 450.119-1, 
High-Fidelity Malfunction Trajectory Analysis, until reaching ground or secondary 
breakup. This progressive breakup should continue until all the hazardous debris can be 
considered as lumped masses that can be propagated using methods described in 
chapter 6 of this AC. It is also possible that a vehicle could breakup incrementally and 
shed hazardous debris along the way. For this case, main vehicle trajectory should be 
computed using the methods similar to vehicle propagation algorithms used for the full 
vehicle with proper consideration for change in thrust, mass, and aerodynamic 
characteristics of the malfunctioning shedding vehicle. Unlike hazardous debris lists for 
instant breakups, in addition to other required information, the shedding location of 
each hazardous debris also should be defined in the hazardous debris list for this case. 


8.2.8 Other Vehicle Breakup Modes. 
There are many types of space vehicles being designed and deployed and there will be 
new types of failure modes and breakup modes for these new vehicles. However, the 
principles used in developing hazardous debris lists for the above types of breakup 
modes are still valid for new vehicles. 


8.3 Effect of Vehicle Structural Characteristics and Materials on Breakup Hazardous 
Debris List. 
In accordance with § 450.121(b)(2), a debris analysis must account for vehicle 
structural characteristics and materials. Vehicle structural characteristics and materials 
can have significant effect on the breakup hazardous debris characteristics. Two main 
factors that affect vehicle breakup are: (a) type of loads applied to the vehicle, and (b) 
strength of the vehicle subassemblies. This information should be properly accounted 
for in the method and techniques used for generating a hazardous debris list. 
Specifically, in a high fidelity debris modeling approach these factors should be 
modeled directly. When applying an empirical or statistical model, a structural expert 
should evaluate if the new vehicle design data falls within the design range from which 
the empirical model is derived. 


8.3.1 Breakup Hazardous Debris List by Design Features. 
Some examples of structural characteristics that can affect breakup include connection 
between different stages of the vehicle. If a vehicle starts tumbling during a malfunction 
turn, then the vehicle will start experiencing high bending moments that may lead to 
breakup at weak cross sections. Often, interstages are less robust than SRMs. Therefore, 
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the strength and design of the load bearing elements at interstages will influence how a 
vehicle breaks up. Similarly, the strength and design of the connections between a main 
body and strap on boosters will affect how easily the strap-ons become separated during 
a mishap. Therefore, an applicant should consider all unique design features of the 
vehicle when the hazardous debris list is generated. 


8.3.2 Breakup Hazardous Debris List by Material Types. 
The type of materials used also affects the hazardous debris list. For example, 
composite materials used in modern space vehicles fracture differently from older metal 
structure designs. They also have different strengths, densities, and melting points. 
Therefore, it is important that the actual materials used to fabricate the vehicle be 
considered when developing the hazardous debris list. 


8.4 Effect of Energetics in the Vehicle on Breakup on Hazardous Debris List. 
In accordance with § 450.121(b)(3), a debris analysis must account for energetic effects 
during break-up or at impact. Energetic effects are additional velocities resulting from 
explosions or sudden release of internal compressed gas. 


8.4.1 Effect of Propellant Type. 
The characterization of an SRM breakup depends on the propellant types. Multiple 
types of propellants can be used on a single vehicle. 


8.4.1.1 Solid Propellants. 
Hazardous debris lists from the breakup of SRMs will be affected greatly 
based on whether the motor is burning and pressurized at the time of 
breakup or not. If it is burning at the time, then the amount of internal 
pressure and the thickness of the remaining propellant grain affect the 
hazardous debris size as well as imparted speed at breakup. 


8.4.1.2 Liquid Propellants. 
The mechanisms for mixing of liquid propellants is important. If the liquid 
propellants are stored in common bulkhead tanks with feed pipes that pass 
oxidizer through the interior of the fuel tank, or vice-versa, then this leads 
to greater initial mixing and greater explosive potential for the liquid 
propellants during breakup. If any of the liquid propellants are hypergolic, 
then estimating the explosive yield has more uncertainty. Mixing of 
hypergols is somewhat self-limiting because a reaction develops 
spontaneously on contact between the fuel and oxidizer liquid phases and 
that forces separation of fuel and oxidizer to limit the reaction. In addition, 
hypergols are toxic. Toxic fragments that contain these chemicals must be 
accounted for in accordance with § 450.139(c) since they can have an 
extended hazard area associated with release and atmospheric dispersion 
of the toxic chemical. 
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8.4.2 Intact Impact. 
If a jettison body such as a spent stage or a malfunctioning space vehicle does not break 
up due to environmental forces or an FTS destruct system, then it will land intact on the 
ground. A hazardous debris list for an intact impact case has only one fragment. 
However, it can pose higher risk at the impact location due to secondary breakup and 
explosion upon impact. Due to its size, an intact component could cause a collapse of a 
complete building and mass casualties. The debris analysis should provide for how the 
intact vehicle could break up upon impact taking into consideration the explosive 
effects from any propellants in the vehicle. How a vehicle breaks up upon impact causes 
a bigger or smaller explosion depending on the ground hardness and mixing of 
propellant and oxidizer, or if a solid propellant is used, how it breaks up and explodes. 
The explosive effects may be defined as a TNT equivalent in the hazardous debris list. 
See paragraph 12.10.2. Intact impact of large parts of a vehicle can lead to release of 
toxic propellants, and the hazardous debris list should provide sufficient information to 
perform toxic release hazard analysis in accordance with § 450.139. 


8.4.3 Effect of Phase of Flight at Breakup. 
The configuration of a vehicle changes with the phase of a flight. For example, consider 
a space vehicle having a main SRM with attached strap-on solid rocket boosters as the 
stage 1, an SRM stage 2, and a liquid fueled stage 3. Initially, only the main rocket and 
the boosters may be thrusting. Breakup at this stage should reflect that fact (i.e., 
hazardous debris list for burning SRMs should reflect they are burning and hazardous 
debris list from stages 2 and 3 should reflect they are not burning). In the next phase of 
flight after strap-on boosters are spent and separated, breakup will reflect only 
hazardous debris from stage 1, stage 2, and stage 3 and other parts of the vehicle. In 
current practice, flight safety analysts prepare hazardous debris models for each part of 
the vehicle, (i.e., stage 1, strap-on boosters, stage 2, stage 3, and payload) and combine 
them to form the full vehicle hazardous debris list at a given phase of flight. When 
hazardous debris lists from different stages are combined, those lists also should be 
correspond to the correct burning status of those stages at that phase of flight. 


8.4.4 Effect of Altitude of Breakup. 
Multiple analyses at various altitudes are typically required, ranging from the launch 
point, to apogee, and back to ground (if sub-orbital). Traditionally, higher altitudes 
cause higher explosion velocities due to the expansion of pressurized vehicle gases into 
the lower pressures of the ambient atmosphere. There is a greater pressure potential 
through which to accelerate hazardous debris until these pressures equalize. 


8.4.4.1 Solid Rocket Motors. 
This velocity increase is particularly the case with solid rocket motors, 
where, the later flight time results in both lower ambient pressure and 
higher internal gas volume, as the solid propellant is depleted. 


8.4.4.2 Liquid Fueled Rockets. 
Liquid fueled rockets experience balancing effects where higher altitudes 
are offset by depleted propellant, but the unique trajectories, structures, 
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and propellant loadings ultimately drive the expected effects of higher 
altitudes on the hazardous debris catalog. 
Note: The subsequent FSA (i.e., using these hazardous debris catalogs) 
should be capable of capturing how equally-jettisoned hazardous debris 
will travel exponentially farther near exo-atmospheric conditions, due to 
both the relief from atmospheric drag and the curvature of the Earth 
(ultimately to include some hazardous debris approaching orbital 
trajectories). 


8.4.5 Effect of Propellant Loading at Time of Breakup. 
As propellant depletes during ascent, gases that may either mitigate or exacerbate the 
hazardous debris catalog (particularly the explosion velocity) occupy the remaining 
volume of the motor. A solid propellant motor burns its propellant and replaces that 
volume with hot gas that is at the full pressure of the combustion chamber (typically 
about 1,000 psi). This phenomenon exacerbates the explosion velocity, producing 
higher-speed hazardous debris as the propellant is depleted. For example, in a space 
shuttle solid rocket booster (SRB) late in burn, rupture of that motor case could expand 
thousands of cubic feet of gas from 1000 psi to a low ambient pressure, accelerating 
fragments to near Mach-1 speeds on its way. 


8.4.5.1 Accounting for Volume, Pressure of Compressed Gases. 
Any hazardous debris generating model that is applied should account for 
the volume and pressure of compressed gases inside an SRM chamber 
when computing fragment explosion velocities as the propellant loading 
factor decreases (i.e., propellant is consumed) during burn. 


8.4.5.2 Accounting for Fracture Mechanics. 
An SRM breakup model should consider the fracture mechanics that apply 
to a sudden release of chamber pressure and the affect that has on the 
motor case and the remaining propellant web thickness. Several modeling 
approaches have been developed that estimate fragment velocities based 
on impulse and drag effects that evolve as internal compressed gases flow 
outward through gaps between an SRM case and propellant fragments 
resulting from fragmentation of the motor. Examples are provided in 
references [7] and [9] in paragraph 3.4 of this AC. 


8.4.5.3 Accounting for Acceleration of Fragments following Combustion. 
Liquid fueled rockets generally replace their propellant (kerosene, 
hydrogen, methane, oxygen, or similar) with ullage (helium, nitrogen, or 
similar) as the propellant burns. Even though this ullage is often inert, it is 
still a pressurized gas—and a pressurized gas, in a rupturing tank, propels 
fragments. Combustion during a rupture (which first requires adequate 
mixing of the fuel and oxygen) arguably occurs a fraction of a second after 
the fragments have departed (accelerated by merely the rupturing of the 
pressurized tanks), but some circumstances (particularly intact impact, and 
maybe other mid-air failure mechanisms) may mandate accounting for 


29 







   
   


 


    


  
 


  
 


   
  


 
 


 
 


  
 


  
   


 
 


    


  
    
   


 
  
   
   
   
  
  
  
   


  
   


 
   


 08/02/2024 AC 450.115-1B 


some further acceleration of fragments by a combustion or blast event. See 
references [3], [4], and [19] in paragraph 3.4 of this AC. 


8.5 Steps for Developing Hazardous Debris Fragment Lists. 


8.5.1 Explosive Breakups. 
The following is a step-by-step procedure that should be used for developing a 
hazardous debris fragment list for an explosive breakup mode. Structural breakups and 
other malfunctions frequently lead to explosive breakups. 
1. Acquire dimensioned drawings (3-dimensional CAD drawings with mass and 


dimensional data) of the total vehicle and major subsystems such as propellant 
tanks, interstages, nozzles, engine assemblies, strap-on SRMs, avionics bay, 
avionics components, propulsion and attitude control system components (small 
nozzles, pressurized tanks, propellant tanks and plumbing components), payload 
adapter assembly, payload, and payload fairing. 


2. Acquire photographs of actual hardware assemblies and subassemblies. Photographs 
give a general feel for the extensiveness of items such as wiring harnesses, 
plumbing lines, mounting brackets, and miscellaneous small hardware. 


3. Acquire flight hardware mass properties. Mass properties data should include 
masses of both subsystem components and the higher assemblies. Placement of 
subsystem components in terms of a vehicle reference system helps determine 
distance of individual components from the center of the explosion. Some mass 
properties may include masses of components that are distributed across the 
assembly such as paint, screws, washers, and adhesives. 


4. Estimate the center of explosion realistically to match the design of the system. 
5. Partition the vehicle construction into the following types of fragments or fragment 


sources: 
a. Liquid propellant tanks 
b. SRMs including case and propellant 
c. Skin and panel pieces (not part of liquid or solid propellant tanks) 
d. Struts and frame pieces 
e. Discrete components 
f. Piping and wiring harness pieces 
g. Miscellaneous small irregular shaped pieces 
h. Distributed material (adds to mass in items 3 and 4) 


6. For liquid propellant tanks that break up with the vehicle, apply a semi-empirical 
engineering model. The model should be verified using either first principle high 
fidelity numerical methods, such as a coupled finite element code or advanced 
multi-phase multi-physics code, or information from test or accident history to 
generate a list of tank wall fragments. For most common liquid fueled rocket 
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designs, semi-empirical engineering tools are sufficient. For explosions in a tank 
with a common internal bulkhead and internal feed pipe, assume the explosion 
occurs inside the tank. If liquid propellants are housed in separate tanks without a 
common bulkhead, the center of explosion is considered to be external to the tanks 
in the inter-tank region. 


7. For solid rocket motors that breakup with the vehicle, apply a physics-based 
algorithm or first principle high fidelity numerical method such as a finite element 
code to generate a list of motor case fragments and residual solid propellant 
fragments. Special consideration should be given to the aft motor segment and 
forward dome. The hazardous debris list and imparted speeds of the hazardous 
debris will depend on the net internal pressure and the remaining thickness of 
propellant grain. If using a finite element type code, the analysis should demonstrate 
that it can properly account for the variation in material strength properties with 
temperature, strain rate, pressure, and age of the propellant. 


8. Use the vehicle drawings and descriptions to compute the surface area of one face of 
skin and panel type components. These will usually be associated with interstages, 
payload adapters, motor skirts, interior honeycomb or aluminum panels used to 
mount or isolate components, and trays to mount electronics (which may double as 
actively cooled heat sinks in some cases). For each type of skin or panel element, an 
operator should compute the mass per unit area. If hazardous debris fragment lists 
are to be applied to atmospheric reentry or hypersonic breakup where aerodynamic 
heating is a concern, material types should also be noted and may require additional 
final classifications of similar hazardous debris shapes and sizes by material type. 


9. Estimate the number of fragments to assign to each skin and panel type assembly. 
This is recognized to entail significant uncertainty, since loading and fracture or 
failure mechanical analysis is rarely performed or available. Several guiding 
principles should be applied: 
a. The sum of the surface areas of the fragments should match the total 


un-fragmented surface area. 
b. The mass of each fragment should be computed as the surface area of the 


fragment times the mass per unit area, plus any prorated distributed mass to be 
added to these types of fragments (e.g., paints, adhesives, small fasteners, 
stiffening ribs, insulation, sound suppression foam, or other items that are 
deemed to be spread over large areas of other components). 


c. Assume that a range of fragment sizes are likely to be produced somewhat 
randomly from a statistical distribution. Historical events of large pressure 
vessels and combustion events of launch vehicles have suggested a log-normal 
distribution. The mean fragment length scale should be based on the length that 
would result in an ultimate strength exceedance from a 1D bending moment 
using the average tank skin thickness and the expected pressure on the material 
at break-up. The mode fragment length should be based on the average 
thickness, including stringer or support sections. Data has also suggested about a 
1:1 to 1:5 variation in ratio of length to width. The skin or panel drawings may 
suggest some intuitive breakdown for fragment shapes or sizes if there are holes 
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cut in the structure or regions of relatively thin wall or weaker construction 
separated by stronger structural rings, plates, or frame elements. An example 
would be hemispherical domes, which tend to be built stronger and are of a 
shape that results in less stress concentrations. These shapes tend to stay intact 
and fail along weld lines. Careful consideration should be given to capture the 
smallest credible fragment size, particularly down to a ballistic coefficient of 
approximately one pound per square foot (psf), and/or mass greater than 0.4g, as 
those fragments create a hazard for aircraft and suspend in the atmosphere for 
significant fall-times. Characterizing fragments down to a ballistic coefficient of 
3.0 psf is generally considered of high importance, as those have historically 
been in the range of hazards to persons exposed on the ground. 


d. For panel and skin components close to the center of an explosion, assign 
relatively more small fragments and fewer large fragments. For panel or skin 
components farthest from the center of explosion only a relatively few large 
fragments should be considered unless the structure is very fragile. 


e. Real fragments will have irregular shapes, but for risk analysis purposes simple 
shapes such as flat or curved plates, or rectangular cubes with uncertainties 
around drag, size and mass parameters, will serve as a reasonable 
approximation. If a more complicated shape is certain to survive, then 
parameters should be derived accordingly. When selecting fragment sizes, the 
geometry of the main assembly should constrain maximum fragment dimensions 
(e.g., a fragment dimension should not be greater than the height, width, or 
circumference of the parent piece). 


10. Identify strut and frame pieces from vendor drawings and photos. These items may 
be somewhat integrated into the skin and panel structures as stiffening ribs and 
rings. Generally, both the top and bottom of stages, interstages, and payload 
adapters will terminate in a structural ring that provides stiffness, load transfer 
capability, sufficient material for fasteners to mount skin panels, and lift points. 
Alternatively, some struts and frame items may be part of open structural support 
systems that do not directly incorporate skin panels. Some pressurization tanks are 
mounted with support struts between tanks. 


11. Identify discrete components from drawings and photos. These are items such as 
avionics boxes, tanks, small thruster assemblies, or other items that appear to be 
compact and of relatively robust construction. Typically, these types of components 
are predominantly individual avionics items grouped together on side walls of the 
vehicle or avionics trays. The assumption that avionics boxes and batteries survive a 
vehicle explosion intact may underestimate the number of small pieces that could 
result if the boxes break up. Tanks used to store pressurized gases and liquid 
propellants are also included in the discrete component’s hazardous debris group. 
Discrete components that are securely attached to skin or panel constructed items 
may break loose and retain the attached panel segment as part of a discrete 
component. 


32 







   
   


 


   
    


    
  


  
 


  
  


   
  


   
  


    
   


  
 


  
    


  
      


     
     


    
 


     
 


    
  


  
    


    
 


  
    


 
  


  
   
   


    


 08/02/2024 AC 450.115-1B 


12. Identify piping and wiring harness items from drawings and photos. Estimate the 
total length of tubing and wiring used in various diameter categories and a mass per 
unit length for each category. 


13. Identify components that can best be described as small irregular shaped pieces that 
do not fit into any of the previous categories. These tend to be items like heavier 
duty mounting brackets, housings for springs that are part of stage separation 
hardware, and small compressed gas orbital maneuvering thrusters. Fragment 
shapes assigned to such pieces tend to be “boxes” or “cylinders,” even though some 
bracket assemblies have numerous openings and are more like a small 
3-dimensional frame structure than a solid 3-dimensional structure. 


14. Identify materials that are to be treated as distributed mass over other previously 
defined fragments. To conserve total vehicle mass within the fragment list and to 
recognize that actual fragments will be combinations of items represented as 
separate items in a parts list, items that cannot be identified with a specific discrete 
component should have their masses distributed among the other defined fragments. 
Items such as paint, insulation, and sound suppressing foam are typically applied to 
the skin and panel fragments and can be prorated to such fragments based on surface 
area calculations. 


8.5.2 Aerothermal Breakups. 
Unlike an explosive event, aerothermal breakup will typically begin at a high altitude 
(e.g., 95km) and progressively shed an increasing number of fragments down to an 
altitude as low as 50km. This means fragments are shed from the body over time and 
space. If the reentry body is falling at a flight path angle that is nearly vertical, then the 
uncertainty in the hazardous debris impact location due to the shedding process is 
minimized, and the effect is mainly in the time differences of when hazardous debris 
pieces impact. This will be more important to predicting aircraft risk than ground risk. 
One approach that has been used with object oriented reentry breakup models is to 
estimate all reentry breakup hazardous debris to be generated at one time at an altitude 
of 78km. This is based on empirical observations that many different types of reentering 
satellites all seem to experience a major breakup event near the 78km altitude. Some 
reentry bodies contain propellant tanks that may have residual liquid propellant. 
Aerothermal heating may rupture these tanks due to heat transfer into the liquid and 
over pressurization of the tanks. In the case where a reentry explosion is predicted, the 
hazardous debris list development steps defined in paragraph 8.5.1 of this AC may be 
applied. 


8.5.3 Small Hazardous Debris Hazardous to Aircraft. 
Some hazardous debris may only be hazardous to aircraft and people on an aircraft, but 
not to people on the ground, whether in open areas, or sheltered in buildings, vehicles, 
or ships. This is mainly due to the closing speed between the aircraft and fragments. 
Due to the high closing speeds, fragments can impart significant collision impact energy 
to an aircraft. Hazardous debris that damages an engine, penetrates the fuselage to 
produce a loss of cabin pressure, or causes a fuel leak can lead to a plane crash killing 
all persons on board. The fragment list should contain all fragments capable of causing 
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a casualty-producing event. Some aircraft vulnerability models consider dense 
fragments as small as 0.4g to be hazardous (see paragraph 12.8 of this AC). The closing 
speed is the relative velocity between the aircraft and the hazardous debris at impact. 
This is much higher than the impact speed of the same hazardous debris impacting a 
ground target for two reasons: (1) due to low air density at aircraft altitudes, terminal 
speed of hazardous debris is greater at aircraft cruise altitude than sea level, and (2) 
aircraft fly much faster than most debris terminal velocities, especially low ballistic 
coefficient debris. 


8.6 Hazardous Debris Containing Toxic Material. 
Upon impact, a liquid tank may not explode but instead break open and leak, or may 
explode but only partially consume the liquid propellants. Some liquid propellants used 
for rocket propulsion or spacecraft maneuvering, such as hypergolic propellants, are 
toxic to people. The possibility for this type of event should be evaluated to determine if 
there is a potential toxic hazard to people on the ground. If this hazard is considered 
credible, a flight safety analysis should evaluate the probability of the spill occurring 
over locations in the affected region, and the amount of liquid that could spill in 
accordance with § 450.139(c). This topic is covered in AC 450.139-1 Toxic Hazards 
Analysis and Thresholds. 
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9 AERODYNAMIC AND HARMFUL DEBRIS CHARACTERISTICS. 


9.1 Ballistic Coefficients. 
The equations of motion that propagate a fragment through the atmosphere apply force 
due to drag through the ballistic coefficient, 𝛽𝛽. This parameter indicates the relative 
importance of inertial and aerodynamic forces on a body in free fall. It is defined as: 


𝑊𝑊 
𝛽𝛽 = 


𝐶𝐶𝐷𝐷𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 


where 𝑊𝑊 is the fragment mass,2 𝐶𝐶𝐷𝐷 is the drag coefficient, and 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 is the associated 
aerodynamic reference area. Values of 𝐶𝐶𝐷𝐷 and 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 are obtained experimentally. The 
value of 𝐶𝐶𝐷𝐷 varies as a function of speed 𝑣𝑣, usually given in terms of the Mach number 
𝑀𝑀 = 𝑣𝑣/𝑐𝑐 where 𝑐𝑐 is the speed of sound. The ballistic coefficient is nearly constant at 
low speeds (𝑀𝑀 ≤ 0.3), and this is called the subsonic ballistic coefficient, 𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠. 


9.1.1 Flow Regimes. 
The earth’s atmosphere contains three aerodynamic regimes: continuum flow at low 
altitudes, free molecular flow (FMF) at high altitudes, and a transitional regime. These 
are identified through the Knudsen number 𝐾𝐾𝐾𝐾 = 𝜆𝜆 ⁄ 𝐿𝐿 where 𝜆𝜆 is the molecular mean 
free path and L is the characteristic body length. Applying a constant ballistic 
coefficient derived for continuum flow (CF) to regions where free molecular conditions 
exist tends to underestimate the drag force. Therefore, accounting for drag force 
changes between the continuum and free molecular flow regimes typically reduces the 
size of the estimated impact dispersion areas. For larger debris, using a ballistic 
coefficient assuming continuum flow is usually an adequate model (except if the debris 
is traveling close to horizontally in the upper thermosphere or exosphere). However, for 
small debris, such as may be hazardous to aircraft, the effects of the flow regime can 
become important, especially if the debris spends significant time in the thermosphere 
or exosphere. The continuum flow regime is applicable where Kn ≤ 0.01, the 
transitional regime 0.01 < Kn < 10, and the FMF regime where Kn ≥ 10. 


9.2 Drag Coefficient Estimates for Continuum Flow. 
The content of this section has been removed. The replacement information is planned 
for the next revision. 


2 The ballistic coefficient is sometimes represented using weight instead of mass. This affects its usage in equations 
of motion, as the conversion factor is gravity. However, in English units, g = 1.0 lbf / lbm at sea level, so 
numerically, this factor may drop out. 
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9.3 Drag in Transitional and Free Molecular Flow Regimes. 


9.3.1 Reynolds Number. 
A key parameter in these regimes is the Reynolds number, 


𝜌𝜌𝑣𝑣𝐿𝐿 
𝑅𝑅𝑅𝑅 = 


µ 
where µ is the absolute viscosity of the fluid. The Reynolds number is a dimensionless 
parameter that characterizes the ratio of inertial force and viscous drag force. There are 
two flow regimes: supercritical for Re >1 x 106, which corresponds to a smooth surface, 
and subcritical for Re <1 x 106 for a rough surface. 


9.3.2 Drag in Free Molecular Flow Regime. 
The drag coefficient depends on the wall temperature and the accommodation 
coefficient for the surface. With the conservative assumptions provided in reference 
[15] of paragraph 3.4 of this AC, the drag coefficient for a sphere in FMF can be 
computed as a function of Reynolds number: 


𝐶𝐶𝐷𝐷 (𝐾𝐾𝐾𝐾 ≥ 10) = 0.92 + 1.7𝑅𝑅𝑒𝑒𝑒𝑒(−0.1𝑅𝑅𝑅𝑅) 𝑆𝑆𝑒𝑒ℎ𝑅𝑅𝑒𝑒𝑅𝑅 


and that for a stable thin plate by: 


𝐶𝐶𝐷𝐷 (𝐾𝐾𝐾𝐾 ≥ 10) = 1.83 + 1.12𝑅𝑅𝑒𝑒𝑒𝑒(−0.3𝑅𝑅𝑅𝑅) 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑅𝑅 𝑇𝑇ℎ𝑖𝑖𝐾𝐾 𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑅𝑅 


while a tumbling thin plate is obtained by applying a factor 1.56.  


9.3.3 Drag in Transitional Regime. 
Values of CD in the transitional regime at a given altitude h, are computed using 
Gaussian interpolation between the CF and FMF regimes: 


1 1 ℎ − ℎ 
𝐶𝐶𝐷𝐷 (0.01 < 𝐾𝐾𝐾𝐾 < 10) = + � �


2 2 √2𝜎𝜎ℎ 


where ℎ is the midpoint altitude between the upper CF and lower FMF altitude bounds. 
The standard deviation 𝜎𝜎ℎ is 1/6th the distance between the two altitude bounds 
(treating the bounds as a 6-σ spread). 


9.4 Lift Uncertainty. 
Lift uncertainty accounts for changes in the orientation of the body while on a free-fall 
trajectory. Lift force is always orthogonal to the drag force vector. Fragments generally 
tumble for at least a portion of flight during which the lift direction changes moment-
by-moment. The effect of lift, like drag, is modeled with a coefficient 𝐶𝐶𝐿𝐿 . Values of this 
coefficient should reflect the net effect of the tumbling and stable portions of flight. 
Because lift is uncertain, the ratio of the lift to drag is characterized as a one-sigma 
uncertainty, (𝐶𝐶𝐿𝐿 /𝐶𝐶𝐷𝐷 )𝜎𝜎. Example values are given in Table 1 for different shapes. 
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Table 1 – Example Values for Lift Uncertainty 


Shape (𝑪𝑪𝑳𝑳/𝑪𝑪𝑫𝑫)𝝈𝝈 


Spherical 0.00 


Blunt 0.01 


Intermediate 0.03 


Flat plate or similar 0.05 


9.5 Required Information in the Hazardous Debris Model. 
In accordance with § 450.121(d)(5), a quantitative description of the physical, 
aerodynamic, and harmful characteristics of hazardous debris must be submitted. 


9.5.1 For any given time of the flight, for any foreseeable nominal or malfunction trajectory, 
there should be a stochastic hazardous debris model from which flight safety analysis 
can extract a realization of a set of hazardous debris from the breakup event. It is 
customary to separate classes of hazardous debris models by breakup mode for all 
major vehicle systems associated with phases of flight (i.e., stages, boosters, and 
payload) and combine them as necessary depending on vehicle configuration. These 
hazardous debris models should capture the changes to the vehicle (including current 
mass of propellants, chamber pressure, temperature, velocity, angle of attack) and the 
breakup environment (altitude, ambient air pressure, temperature). It is common to 
define different hazardous debris lists that apply to different time ranges. Each such 
hazardous debris list represents a constant set of fragments that is unvaried during that 
time range. For example, one may generate ten hazardous debris lists for FTS breakups 
for the duration of active burning of a SRM. 


9.5.2 A hazardous debris model should be specified for a given flight time range, for a given 
stage and for a given breakup mode. Typical hazardous debris lists contain hundreds to 
thousands of debris pieces. It is possible to have a general model that can output a full 
realization of all the hazardous debris with all the required properties. However, it is 
common to define a hazardous debris list as a list of hazardous debris groups where 
statistical parameters needed to generate a realization of hazardous debris in this group 
are specified. All the hazardous debris in the generated hazardous debris list should 
have the following information defined: 


• Description of the hazardous debris group, 


• Mass properties, 


• Aerodynamic properties sufficient to define trajectory from the point of breakup 
until it is no longer a hazard, 


• Statistical distribution of breakup-induced imparted velocities, 


• Properties needed for aerothermal heating and ablation, 
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• Energetic properties: sufficient to define secondary explosions at impact, and 


• Toxic properties: sufficient to estimate toxic hazards to people and environment 
immediately or long term. 


9.6 Consideration for Grouping Hazardous Debris to a Hazardous Debris Group. 
All fragments within a class should have similar material composition and produce the 
same type of hazard (inert, explosive, toxic, etc.). Further, each class should be 
constrained in terms of the variations of parameters important to aerodynamics and 
hazard produced as follows. 


• The hazardous debris group should have a representative fragment mass. The group 
should constrain the ratio the minimum and maximum fragment masses to 
Wmax/Wmin <  2. 


• The hazardous debris group should have a representative mean projected area that is 
the extent of the fragment’s hazard to people. The group should constrain the ratio 
of the minimum and maximum fragment areas to Amax/Amin <  2. 


• The hazardous debris group should have a representative ballistic coefficient, which 
is the geometric mean of the fragments in the group. The group should constrain the 
ratio of the minimum and maximum ballistic coefficients to max(𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠)/ 
min(𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠) <  1.7.3 Fragments with 𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠 less than or equal to 1.3 psf typically pose 
negligible public risks. 


• The group should constrain the ratio of the maximum breakup-imparted velocity to 
minimum breakup-imparted velocity within the following bound: 


𝛥𝛥𝛥𝛥𝑚𝑚𝑚𝑚𝑚𝑚/𝛥𝛥𝛥𝛥𝑚𝑚𝑚𝑚𝑚𝑚 = 5/(2 + log10 𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠) 


9.7 Description of the Hazardous Debris Group. 
For each hazardous debris group, the criteria used to include hazardous debris should be 
described. 


9.7.1 Mass Properties. 
For each hazardous debris group, a statistical model to describe the mass should be 
specified. The minimum level of information provided should include the mean plus 
and minus three-sigma, total mass, and the number of hazardous debris in the hazardous 
debris group. 


9.7.2 Aerodynamic Properties. 
Aerodynamic properties of the hazardous debris are needed to predict the propagation 
over the atmosphere until they become no longer hazardous. Minimum amount of 
properties that should be provided are described below. 


• The group should have a representative nominal ballistic coefficient β, and plus and 
minus three-sigma uncertainty bounds that is represented by a lognormal 
distribution. Values should correspond to tumbling motion for an unstable fragment, 


3 In logarithmic space, approximately log10 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚 − log10 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚 < 0.2 or ln 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚 − ln 𝛽𝛽𝑚𝑚𝑚𝑚𝑚𝑚 < 0.5. 
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and for controlled motion for any duration of time that a fragment stabilizes with 
respect to its angle of attack. The nominal value should represent median subsonic 
ballistic coefficient βsub the hazardous debris group. 


• The group should have a common representative mean lift coefficient to 
characterize the lift force. The group should have three -sigma uncertainty bounds 
of the lift coefficient corresponding to a tumbling fragment. 


• βsub should have one or more CD vs. Mach curves to convert to various Mach 
values that include supersonic flight. The CD vs. Mach curve accounts for the 
fragment shape. Curves should correspond to tumbling motion for an unstable 
fragment, and for controlled motion for any duration of time that a fragment 
stabilizes with respect to the angle of attack. If stability is due to lift, then there 
should be an associated coefficient of lift CL vs. Mach curve. A hazardous debris 
model should provide equations for the curves, or data points adequate for a 
piecewise linear description. 


• An estimate of the axial, transverse, and mean tumbling areas of each fragment. If 
the fragment may stabilize under normal or malfunction conditions, the hazardous 
debris model should also provide the projected area normal to the drag force. 


• An estimate of the ballistic coefficient corresponding to the axial, transverse, and 
tumble orientation for each fragment. 


• The mean and plus and minus three-sigma axial, transverse, and tumbling areas for 
each fragment or fragment class. 


9.7.3 Initial Velocity and Location. 
Any additional velocity imparted on the hazardous debris due to any explosive effects 
should be specified. For instantaneous breakup of vehicles, all the hazardous debris can 
have the same initial state vector. However, for breakup cases that shed hazardous 
debris along the way, state vector for each hazardous debris group can be different. 


9.7.3.1 The hazardous debris group should characterize the imparted speeds and 
directions relative to the pre-breakup center of mass motion. In-flight 
explosions or pressure vessel ruptures release energy with the potential to 
fracture the vehicle and disperse the resulting fragments. 


9.7.3.2 The hazardous debris group should specify the magnitudes and directions 
of imparted velocity vectors and their associated uncertainty. For no 
preferred direction of the imparted speed, a Maxwellian distribution 
applies with speed defined as the maximum value equal to the 97th 
percentile. If there is uncertainty in the maximum value defined, then a 
statistical model for uncertainty of the maximum value should be 
specified. If velocity is not random, then a directed velocity model should 
be defined that specifies the distribution of directions and uncertainty in 
imparted velocity in those directions. 
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9.7.4 Aerothermal Heating Properties. 
An aerothermal heating and demise model for the hazardous debris in each hazardous 
debris group should be defined for reentry or late ascent failure modes where falling 
hazardous debris can reach high enough velocity to cause melting in the hazardous 
debris. Aerothermal properties needed to support evaluation of component melting 
include: material type (to set melting temperature and heat of fusion), fragment 
stagnation radius, and heated surface area. 


9.7.5 Energetic Properties. 


9.7.5.1 Propellants. 
Various types of propellant produce different hazards, so the amount and 
condition of loaded or residual propellants should be updated at the 
envisioned time of breakup. 


9.7.5.1.1 Liquid propellants—such as Kerosene (“RP-1”) and Oxygen (“LOX”)—as 
individual constituents—may pose only a fire hazard, following an intact 
impact of a tank on the ground, with some additional hazardous debris 
hazard from the impact and rupture of the pressurized tank. Multiple 
constituents however, if landing as coupled or proximal items, may 
produce a combustive overpressure, and fragment speeds that are 
1-2 orders of magnitude faster. Therefore, a hazardous debris catalog 
should account for the condition of these “hazardous debris items” (tanks) 
as they reach ground to perform the vehicle impact and breakup analysis 
of § 450.121(b). 


9.7.5.1.2 Solid propellants can produce both explosive and toxic hazards, when 
impacting the ground and/or burning thereafter—while sometimes also 
modestly “burning back” as fragments fall (which reduces the amount 
reacting after contact with the ground). For these reasons, solid propellant 
hazardous debris catalogs are obligated in accordance with 
§ 450.121(d)(5) to account for these predicted solid propellant fragment 
masses, counts, and mid-air burning conditions. For solid propellant 
hazardous debris, the following information should be provided: 


• Mass of propellants 


• Type of propellants 


• Explosive energy in terms of TNT equivalent mass 


• Burning status: burning now, can start burning during fall due to 
aeroheating, or contained (will not burn during fall) 


• Equation and coefficients for burn rate at both motor pressure and 
ambient pressure; additional information is available in reference [16] 
in paragraph 3.4 of this AC. 


• Snuff-out pressure 
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9.7.5.1.3 “Hypergolic” tanks, whether holding mono- or bi-propellants, may also 
survive a breakup and produce a several possible types of hazards on the 
ground (hazardous debris, overpressure, fire, and toxins). For these 
reasons, an operator should characterize any amounts of onboard 
hypergolic propellants in the hazardous debris catalog for their predicted 
condition (shielded tank in a stage, released tank as an individual 
hazardous debris item, a ruptured tank with mid-air dispersion). 


9.7.5.2 Other Energetic and Hazardous Debris. 


9.7.5.2.1 All remaining potential energies at time of ground contact (including 
batteries, intact propellant reservoirs, pressurized tanks, ordnance, 
compressed springs, elevated hardware temperatures, nuclear materials, 
toxins, chemicals, and any other potential hazard to humans or the 
environment) should be assessed. 


9.7.5.2.2 Batteries can contain hazards from residual electrical charges or the 
ingredients within the battery that are released at rupture—in addition to 
batteries themselves being relatively high ballistic coefficient hazardous 
debris items. 


9.7.5.2.3 Even a “depleted” propellant tank typically holds some residuals (typically 
~2-5 percent of its capacity) that cannot be reliably burned during normal 
operation. These amounts can be unusually reactive, as they are nearer to 
the vapor state required for combustion. Therefore, hazardous debris 
catalogs should account for hazards posed by remaining propellants in 
“empty” tanks. 


9.7.5.2.4 Inert gases (like helium, such as used for ullage) produce no toxic hazard, 
but may be contained in tanks that are many times higher pressure than 
other tanks on board (e.g., 5,000 vs. 100 psig). Similarly, hydraulic fluids 
(often a synthetic hydrocarbon), may be contained in tanks or reservoirs 
pressurized to high pressures (e.g., 2,500 vs. 100 psig), and any toxic 
effect may be negligible in comparison to other hazards. For this reason, 
stored pressure energy (i.e., a tank, tire, pneumatic cylinder, or otherwise) 
should be characterized within the hazardous debris catalog, for the 
potential overpressure hazard on ground. 


9.7.5.2.5 Vehicles can contain hundreds of “ordnance items” such as contained 
energetic devices (cartridges, igniters, shape charges) designed to separate 
stages, deploy payloads, break bolts, cut electrical or fluid lines, jettison 
items, or destroy the vehicle itself (i.e. Flight Termination ordnance). 
When the vehicle—or its hazardous debris—reaches the ground, some of 
this ordnance may not have been rendered inert (fired and consumed), due 
to the stage at which the failure occurred, or due to the ordnance function 
being interrupted by the breakup itself. Unexploded ordnance can then 
remain as a hazard on ground, so the hazardous debris catalog should track 
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these potential energy items and their expected condition during the 
various nominal and malfunction scenarios. 


9.7.5.2.6 Other sources that are expected to produce non-negligible amounts of 
energy should also be included. An example is compressed mechanical 
springs, which can be used to isolate or stabilize onboard hardware, 
jettison stages or payloads, or otherwise, and may retain a hazard on the 
ground after the hazardous debris has come to rest, including if the item’s 
retention hardware has been damaged. The size and pre-compression of 
these potential energy items should be tracked in the hazardous debris 
catalog, with their expected conditions during various nominal and 
malfunction scenarios. 


9.7.5.2.7 Elevated temperatures of inert hardware (such as fractured nozzle 
components, hardware heated by plume radiation) can remain a burn 
hazard or an ignition source on ground after hazardous debris has come to 
rest. Residual temperatures above approximately 250°F have potential for 
igniting ambient ground brush or foliage, causing uncontrolled fires on the 
terrain around the hazardous debris footprint. Hardware temperatures 
above 130°F can cause burns to skin. For these reasons, any hazardous 
debris anticipated to retain elevated temperatures to ground should be 
tracked for that characteristic in the hazardous debris catalog. 


9.7.6 Toxic Properties. 
Any information that is needed for toxic effects of hazardous debris in accordance with 
§ 450.139(c)(1) should be provided in the hazardous debris list. Toxins, chemicals, and 
heavy metals include a wide range of potential constituents on a vehicle. These can 
include residual hypergols, acids used for long-term reactions in payloads, lead used for 
ballast, or any other constituent that can pose a hazard to people or the environment— 
including if the hazardous debris is not recovered (such as chemicals or lead leaching 
into the soil or groundwater during the years following the mishap). Batteries have 
chemicals that affect long-term health of environment. If there are hazardous chemicals 
that can affect the impact area, then they should be identified. Some payloads may carry 
hazardous material, such as nuclear material, and any hazardous materials as defined in 
49 CFR § 172.101 must be identified, in accordance with § 450.43(i)(1)(v), so that the 
Administrator can determine the need for any special analysis or safeguards. 


9.7.7 Related to Hazard/Casualty Area of a Hazardous Debris. 
An estimate of the mean area of each fragment that is the extent of a fragment’s hazard 
to people should also be included. 
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9.8 Fragmentation Guidelines Based on Historical Data. 
The FAA has conducted an analysis of historical fragment data to provide guidelines for 
applicants as to typical results. There are two key metrics. The first is the number of 
fragments greater than 300 grams, a critical input for the assessment of risk to 
commercial aircraft. The second is the total basic casualty area of inert debris, which is 
computed as the sum of the basic casualty area, 𝐴𝐴𝐶𝐶 = 𝜋𝜋�𝑒𝑒𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓 + 1 ft�2, of all fragments 
with ground impact kinetic energy greater than 11 ft-lbf, assuming terminal velocity at 
sea level. 


9.8.1 Available Data. 
There are sufficient historical data to provide guidance for explosions of liquid fueled 
rockets and for re-entry vehicles. For liquid fueled rockets, aerodynamic breakup and 
explosive breakup are generally similar, except with different breakup-induced 
velocities. For re-entry vehicles, there is sufficient historical data to provide guidance 
on debris from aerothermal breakup. The guidelines are based on data from previous 
debris analysis results. This the data shows more variation in the number of fragments 
than the casualty area. The guidelines below are subject to revision with the 
incorporation of additional data. 


9.8.2 Liquid Fueled Rocket Guidelines. 
For the explosive breakup of a fully loaded propulsion system (exclusive of other 
stages, boosters, interstages, payloads, etc.,) with dry weight between 1,000 and 
50,000 lbs, the following ranges of the number of fragments and basic casualty area are 
typical: 


2.5𝑊𝑊0.52 < 𝑁𝑁𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓 < 7.5𝑊𝑊0.52 


48𝑊𝑊0.52 < 𝐴𝐴𝐶𝐶 < 72𝑊𝑊0.52 


where weight is the dry weight in pounds, and casualty area in square feet. The degree 
of fragmentation is often predicted to decrease when there is less propellant remaining. 
This may reduce the predicted number of fragments by a factor of three, and the 
estimated casualty area by one-third. 


9.8.3 Re-entry Vehicle Guidelines. 
For aerothermal breakup of a vehicle designed to re-enter with weight between 10,000 
and 100,000 lbs, the following ranges of the number of fragments and basic casualty 
area are typical: 


6𝑊𝑊2.64 < 109𝑁𝑁𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓 < 12𝑊𝑊2.64 


80𝑊𝑊2.64 < 109𝐴𝐴𝐶𝐶 < 120𝑊𝑊2.64 


where W is the weight in pounds, and casualty area in square feet, and these represent 
fragments surviving to ground impact. 
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10 PROPAGATION OF HAZARDOUS DEBRIS TO IMPACT. 
A high-fidelity evaluation should compute the impact probability distribution for each 
class of fragments at the locations of hazarded people in accordance with § 450.135(b), 
and for specific assets that the operator is requested to evaluate. For this evaluation, the 
hazardous debris must be propagated following the vehicle termination event, or a 
jettisoned body from the moment of release, until it is no longer a hazard, as indicated 
under § 450.121(c). Each hazardous debris propagation under § 450.121(c) creates a 
trajectory that must account for significant forces acting on bodies in accordance with 
§ 450.121(c)(1), and there should be a sufficient number of trajectories to account for 
uncertainty in breakup conditions and in external forces that effect the impact 
probability distribution. The set of fragment trajectories from each failure and planned 
event state vector may be computed to generate sample impact points that can later be 
fit with a functional distribution. The succeeding paragraphs discuss the data and 
parameters that should be accounted for, and general approaches for defining the 
propagator algorithm. 


10.1 Atmospheric Data for Propagation. 
The impact probability distribution for each class of fragments must account for the 
atmospheric conditions, in accordance with § 450.135(b)(4)(ii). The hazardous debris 
trajectories are influenced by wind and drag, in proportion to air density ρ, near the 
surface. Wind conditions can carry hazardous debris towards populated areas. The 
likelihood of high wind magnitudes can lead to high risk to surrounding populations or 
result in significant constraints on when a launch can occur. The minimum set of 
parameters that should be accounted for are air density, wind, and Mach number. 


10.1.1 Air Density. 
Air density is a function of altitude, geographic location, and time. For debris analysis, 
the spatial variation is important, especially the vertical profile of density. In the lower 
atmosphere, the temporal variation of density has no significant effect on impact 
locations, and the geographic variation effect is relatively small. Thus, average density 
models as a function of geographic location are generally sufficient up to around 
300 km altitude. The high-altitude (above 300 km) density model is very important 
when the vehicle is re-entering at a shallow angle (e.g., less than a few degrees from 
horizontal), and especially for very small reentry angles. In these cases, a model that 
extends to one (1) million feet should be used. For steeper angles, the importance of 
density models above 300 kilofeet depends on the fragment characteristics. The density 
model at these altitudes also is more important as the fragment ballistic coefficient is 
smaller. For non-shallow trajectories for fragments relevant to debris risk (above 1 psf), 
the air density profile should extend from the surface up to about 400 kilofeet. Also, 
when implementing the air density model in the ballistic trajectory propagator, the 
potential for erroneous skipping at the “top” of a model should be considered (skipping 
can physically occur, but can also be a numerical aberration). 
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10.1.2 Air Density Models. 
Since temporal variations in air density have insignificant effect on debris analysis 
(except for very shallow reentries), standard air density models can be used. For the 
lower atmosphere, a range reference atmosphere is commonly used in the launch or 
landing area. Below the exosphere, the Earth Global Reference Atmospheric Model 
from NASA (see reference [11] of paragraph 3.4 of this AC) should be used, as it 
provides sufficient data for the atmosphere. This dataset provides mean monthly 
historical values up to about 400 kilofeet, on grids of latitude and longitude that span 
the entire Earth. It has the accuracy and resolution adequate for debris analysis, but 
equivalent alternatives can also be used. For the exosphere, the density can vary 
significantly as a function of time due to space weather, but the COSPAR International 
Reference Atmosphere Model should be used as an average when temporal variability is 
not needed. It also contains references to models that account for temporal variation. 
When combining models, the result should be faired over a range of approximately 
25 percent in altitude. Where air density is provided in more localized wind data or 
models (see section 9.1.5) the density from those sources may be used. A range 
reference atmosphere may also be used in the local area. 


10.1.3 Mach number. 
Mach number M is defined as 𝑀𝑀 = 𝑣𝑣/𝑐𝑐, where v is the ambient fragment or intact body 
speed with respect to the wind, and c is the speed of sound. If the speed of sound is not 
provided, then M can be computed using the air temperature T, e.g. 𝑀𝑀 = 𝑣𝑣 / �𝛾𝛾𝑅𝑅𝑇𝑇, 
where 𝛾𝛾 is the specific heat ratio, and 𝑅𝑅 is the specific gas constant. For a good 
approximation, the atmosphere obeys the Ideal Gas Law, which is a direct relation 
between temperature, density, and pressure, for all altitudes for which drag should be 
accounted. Temperature data can be obtained from the same sources as air density data. 


10.1.4 Wind. 
Wind effects are very important for debris analysis, but wind above the jet stream (i.e., 
above 60,000 feet) usually has little effect. Appropriate application of wind is essential 
for compliance with § 450.135(a), as it is common for operations to be acceptable in 
some wind conditions, but not others. Section 450.135(a) provides two options: an 
analysis in planning that identifies limits on what conditions are acceptable for the 
operation or an analysis in the countdown that uses the best available data. For the 
launch or landing area (where the vehicle is traveling slower than two miles per 
second), local time-appropriate wind data or models should be used. Outside the launch 
or landing area, a three-dimensional statistical model should be used. Local data should 
only be used within 100 miles of the location it represents and should be faired with 
three-dimensional statistical model over approximately 50 miles horizontal distance and 
approximately 25 percent in altitude. 
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10.1.5 Local Wind Data for Countdown Analysis. 
During the operation countdown, there are two options for wind data for areas where 
the vehicle is flying below hypersonic speeds. 


10.1.5.1 The first option is to use measured wind data, from various measuring 
systems such as Jimsphere, Rawinsonde and Windsonde soundings, and 
Doppler Radar Profiler measurements. Data should be obtained within six 
hours of launch. The uncertainty in the wind forecast should account for 
the time delay between the forecast and the flight. This data is typically 
centered about a specific measurement location and thus depends only on 
altitude. This data should extend to at least above the top of the jet stream. 


10.1.5.2 The second option is to use a wind forecast authorized by either the 
Department of Defense or NOAA (such as the North American Mesoscale 
(NAM) model or Global Forecast System (GFS)). Forecasts are usually 
sufficiently accurate for debris analysis for up to 72 hours, but should be 
verified by comparing newer forecasts to the forecast used in the 
countdown analysis. It is critical that the forecast computed for the 
planned operation time should be used. If localized weather events 
(including weather fronts or storms) are anticipated, the applicant must 
ensure the operational flight conditions are consistent with the forecast. 
The uncertainty in the wind forecast should account for the time delay 
between the forecast and the flight. 


10.1.6 Local Wind Data for Availability Study. 
If an availability study is performed to satisfy § 450.135(a)(1), then appropriate wind 
data should be obtained. The data set should include at least 100 wind profiles 
appropriate to the location of the operation within the same season of the operation 
(e.g., within 30 days of the launch date). Either data from the operation location (e.g., 
range) or from the NOAA Radiosonde database (https://ruc.noaa.gov/raobs/) should be 
used. An operator should either analyze every profile or a representative sample that 
includes the worst foreseeable conditions under which an operation might be attempted, 
as § 450.165(a) requires that the actual operational conditions be within the range of 
what has been determined to be acceptable. In accordance with § 450.135(c)(1), the 
applicant must submit a description of the methods used to demonstrate compliance 
with the safety criteria in § 450.101. In accordance with § 450.115(c), the applicant 
must include a description of how the operator will account for the conditions 
immediately prior to enabling the flight of a launch vehicle or the reentry of a reentry 
vehicle, such as the final trajectory, atmospheric conditions, and the exposure of people. 


10.1.7 Non-local Wind Data. 
A three-dimensional atmospheric model should be used for areas outside the local area. 
The NASA EARTH-GRAM model (discussed above) or its equivalent should be used, 
and should account for variability within the month of the operation. If doing a 
countdown analysis, a three-dimensional forecast model can be used. 
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10.2 Failure and Planned Event State Vectors. 
All state vectors corresponding to failure and planned events required by 
§ 450.117(d)(4) and § 450.119(c)(4) must be identified to conduct a hazardous debris 
risk analysis under § 450.135. Any time and spatial uncertainty in these state vectors 
must be also specified if it exists in accordance with § 450.117(d)(4)(iii). This 
information defines the starting points of the hazardous debris trajectories. These state 
vectors may be associated with intact vehicles, planned deployed objects, or vehicle 
breakup fragments. State vectors from FSS destruct action of the vehicle are discussed 
in AC 450.117-1, Normal and Malfunction Trajectory Analysis. The other most 
common sources are discussed in the subparagraphs below. 


10.2.1 Self-Breakup State Vectors. 
Vehicles on malfunction trajectories may experience sufficient external aerodynamic 
loads or internal inertia forces to cause the vehicle to come apart. The same is true for 
tumbling vehicles on ballistic trajectories when they survive until the end of powered 
flight since they could immediately start tumbling rather than remaining stable. Launch 
operators should determine vehicle breakup criteria limit ranges for each phase of flight, 
which should account for uncertainty in the thresholds. These ranges are often assumed 
to be represented by Gaussian distributions by default, although better informed 
understandings of the load limits may allow for other distributions to be used. 


10.2.1.1 In general, a breakup state time is the moment when the stress related 
vehicle structural load criterion limit is exceeded. These breakup state 
vectors should be computed by interpolation between the time bounding 
malfunction trajectory initiation points. 


10.2.1.2 The uncertainty in the breakup state vectors must be accounted for in the 
statistical trajectory set (paragraph 10.3 of this AC) in accordance with 
§ 450.117(d)(4)(iii). The uncertainty in the criteria limit will result in a 
range of breakup state times and their associated breakup state vectors. 
Each breakup state vector can be assigned a probability based on the 
associated structural limit distribution probability value. However, the 
distribution of the breakup state times may be very non-Gaussian even 
when the criteria limit distribution is Gaussian. The uncertainty in the 
breakup state vectors must additionally account for failure state vector 
uncertainty if the vehicle or malfunction trajectory does not already do so. 


10.2.1.3 This may be done by using the mean breakup state vector as the basis for 
the statistical trajectory. The mean state vector is where the 50 percent 
threshold is exceeded. The uncertainty in the state vector is then 
represented by one or more Gaussian covariance matrices that will be 
sampled during the setup of the based statistical trajectory set. 


10.2.1.4 There are three common structural limit cases that should be evaluated. 
The first case is from aerodynamic forces. The aerodynamic breakup 
criteria should account for angle-of-attack α, i.e., the angle between the 
vehicle’s roll axis and the velocity vector, and the external dynamic 
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pressure q acting on the vehicle. The criteria breakup distribution is based 
on the dynamic pressure multiplied by total angle of attack (q-α) limits of 
breakup, or on a q*sin(α) limit. Both of these limits are simplifications; if 
it is known from the design that more sophisticated quantification of 
structural limits is appropriate and have a significant effect on the breakup 
time, then those limits should be used. Structural limits should represent 
the upper bound of what the vehicle could survive. This type of breakup 
should be evaluated for vehicle malfunction trajectories, and for vehicle 
ballistic trajectories. 


10.2.1.5 The second case is from inertial forces. One breakup criterion is when a 
vehicle has reached sufficient rotational speed in a vacuum or low-density 
atmosphere. The criteria breakup distribution is based on the rotation rate 
limits of breakup. The rotation rate accounts for yaw and pitch rates. This 
type of breakup should be evaluated for a vehicle malfunction trajectory. 
Another inertial force can be a buoyant force as a result of g-loads from 
the vehicle. This would present a force on any structures submerged in a 
fluid and may exceed attachment hardware limits. A third type of inertial 
force breakup is when g-loads exceed structural capability. 


10.2.1.6 The third case is from aerothermal effects. An aerothermal induced 
breakup occurs when friction buildup leads to melting of portions of the 
vehicle. Sufficient time for melting can lead to aerothermal breakup 
during vehicle reentry from orbit, or if vehicle thrust termination occurs at 
sufficiently high altitudes and velocity. Since melting typically starts at 
altitudes centered about 75,000 feet when speeds reach about Mach 15, 
this case should be handled for all events that occur above 100,000 feet at 
speeds as low as Mach 10. The criteria breakup distribution is based on the 
altitude limits provided that a vehicle has exceeded a speed threshold. 
Although the altitude limits should include uncertainty, the speed 
threshold may be a single value. This type of breakup should be evaluated 
for a vehicle ballistic trajectory. 


10.2.2 Thrust Termination Failure State Vectors. 
The trajectory points of a randomly selected trajectory from the set of normal 
trajectories, or the nominal trajectory, are used to create a set of failure state vectors 
corresponding to thrust termination for an intact vehicle. The vehicle follows a ballistic 
trajectory after failure and self-breakup should be considered prior to surface impact for 
a vehicle that is tumbling. If self-breakup does occur, then the self-breakup state vector 
would replace the intact vehicle failure state vector for use in the risk analysis. The state 
vector uncertainty is added for the nominal trajectory case at thrust termination. The full 
set of trajectory points, or a subset of sufficient resolution, may be used. Since thrust 
termination failures can lead to potentially high consequence intact impacts, the analysis 
should identify the impact conditions in terms of speed and location. Thus, the sample 
rate of the failure trajectory should be at least four times higher than the tumble rate and 
high enough that velocity can be interpolated accurately to within 10 percent. Smaller 
limits down to 10 Hertz (Hz) may be necessary to meet § 450.119(b) for high speed 
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vehicles, such as suborbital vehicles, or during abrupt maneuvers. State times that occur 
more often do not yield much benefit and so intermediate trajectory points can be 
filtered out. 


10.2.3 Jettisoned Body State Vectors. 
Planned deployment events jettison one or more bodies. These may be stages or other 
attached items, such as small doors or fins, the function of which has ceased. The risk 
from these bodies should be included in the debris risk analysis, in accordance with 
§ 450.135(b)(3). Each body originates from a planned event state vector that is 
determined during mission planning. 


10.2.3.1 A body may be jettisoned from a trajectory randomly selected out of a set 
of normal trajectories, to account for state vector uncertainty. 
Alternatively, a single jettison state vector may be specified from the 
nominal trajectory, and its uncertainty accounted for using covariance data 
derived from the ensemble of normal dispersed trajectories, see 
paragraph 10.3 of this AC. The planned event state vector is computed 
through linear interpolation of time between bounding time trajectory 
points. 


10.2.3.2 It is necessary to consider self-breakup of a jettisoned body during its 
ballistic fall. These bodies may be smaller than the main vehicle, but they 
can be large main stages that can still have points of weakness. 
Self-breakup of unpressurized sections may not be necessary to consider if 
they are more compact and have much higher structural breakup limits. 
Also, since these bodies are not powered in free-fall, they will not reach 
the speeds needed for inertial forces to be significant. 


10.2.4 Intact Impact State Vectors. 
A vehicle will impact the surface during powered flight if it survives a malfunction 
flight and does not achieve an orbital condition. Intact impacts only occur for a limited 
set of Monte Carlo simulations and may result in a sparse set of impacts in the tails of 
bivariate distributions. Uncertainty about the impact points differs for each impact point 
and should be evaluated. This should be computed in a way that ensures sufficient 
resolution to produce smooth and continuous individual risk contours, but should not be 
artificially smoothed. Intact impacts can be a significant contributor to risk results and 
should be accounted for using a statistically significant sample size (e.g., at least 30). 


10.2.4.1 Kernel Density Estimation Procedure of Impact Location 
Uncertainty. 
A Kernel Density Estimation (KDE) procedure is an example of an 
acceptable approach, which considers the distances between the 
neighboring impact points to determine the degree of smoothing needed. 
KDE works better with more impact points, but can be applied with as few 
as thirty. The points that are used in the KDE should come from the same 
type of events (i.e., the same failure mode and breakup type) and from 
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failure trajectories within the same set. A KDE creates a smooth 
distribution from a collection of samples by applying a distribution about 
each sample (a kernel). The total distribution is then the sum of the 
individual distributions. Typically, a Gaussian distribution is used for each 
kernel. 


10.2.4.2 Impact Vector Based Uncertainty. 
An alternative approach is to compute uncertainty based on the velocity 
vector at impact. The magnitude of the horizontal component of the 
velocity vector can be scaled by a reference time (e.g., one to two seconds) 
to estimate an uncertainty in the impact location. 


10.3 Statistical Trajectory Set. 
Tumbling fragments, planned jettisoned hazardous debris, or an intact non-powered 
vehicle follow a ballistic trajectory. A ballistic trajectory’s initial point is one of the 
failure or planned event state vectors discussed in paragraph 10.2 of this AC. A 
statistical risk analysis should employ a set of ballistic trajectories for each fragment 
class, which accounts for a set of fragments with similar characteristics, or a single 
body. Each trajectory in a set should account for all relevant sources of uncertainty of 
the event’s state vector, and additional sources that affect the free-fall motion. At given 
times or locations, a trajectory set is described by a probabilistic distribution for use in a 
statistical risk analysis, or a hazard bound for a containment analysis. The trajectory set 
should account for uncertainty in ballistic coefficient β (i.e., drag), breakup-induced 
velocity (delta-v), lift, and wind. 


10.3.1 Sampling Approach. 
A trajectory set associated with an event state vector can be obtained from explicit rules 
of sampling. An example is the covariance sampling presented in reference [13] of 
paragraph 3.4 of this AC. This sampling method is not random and follows specific 
rules and is appropriate for creating trajectories if the sources of uncertainty and 
subsequent trajectories nearly obey Gaussian statistics, (i.e., the skewness of the 
sampled points does not exceed roughly 0.15 throughout ballistic fall.) There are also 
other types of correlated random samples without the assumption of Gaussian 
uncertainty distributions. For more general statistics, the trajectory set should be created 
by performing a random Monte Carlo sampling of the state vector’s sources of 
uncertainty. A typical number of Monte Carlo for ballistic trajectories for a given class 
of fragments is usually about 300-500 to create impact dispersions. 


10.3.2 Uncertainty in Initial State Vectors and Ballistic Coefficient. 
Event state vectors account for state vector uncertainty from the guidance and 
performance and any uncertainty involving its selection, when the event state vectors 
are set up (see paragraph 10.2 of this AC). The uncertainty in β typically can be 
characterized using a log-normal distribution. This sampling is done at the start of the 
ballistic trajectory. Guidelines for assigning beta are discussed in chapter 10 of this AC 
for usage when precise values are not known for a given fragment. 
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10.3.3 Uncertainty in Breakup-induced Velocity. 
The most common modeling of breakup-induced velocity assumes that there is no 
preferred direction. The uncertainty is then Gaussian in each direction, leading to a 
Maxwellian distribution in 3-dimensions. This approach is usually valid for propellant 
tank explosions. There are situations where the breakup-induced velocity has a 
preferred directionality. At a given time, sampled fragments may form, for instance, a 
forward cone, hollow sphere, or a lateral torus or ring. An indication of what type of 
shape may form could be surmised by examining a plot of initial fragment speed vs 
directed angle off the vehicle’s x-axis, or a computer-generated animation of the 
breakup. To define the sampling from a directed velocity distribution, in a precise 
manner, may require a fair amount of effort when there is no simple hazardous debris 
cloud shape, such as setting up a detailed finite element analysis program. This case 
may require describing the set of sampled fragments by a sum of many simple 
distributions. This sampling is done at the start of the ballistic trajectory. However, the 
uncertainty in vehicle orientation during that directional-hazardous debris event can also 
cause hazardous debris to occur in any direction, and so this uncertainty of final 
hazardous debris dispersion needs to be considered in accordance with 
§ 450.121(c)(2)(iv). 


10.3.4 Wind Uncertainty. 
Wind uncertainty should be incorporated when using three-dimensional models of 
historical data and when using measured data in the launch countdown. For historical 
data, the uncertainty should represent the wind variability that corresponds to monthly 
statistics. For measurement data, the uncertainty should statistically represent the 
potential change in wind conditions between the measurement and the time of the flight 
operation. Wind uncertainty should not be applied when using historical data samples in 
availability studies. When used, uncertainty data should be specified in altitude bands, 
with uncertainty given as a two-dimensional covariance. If correlation of uncertainty 
between altitudes is available, this data should be used. The time that the sampled 
fragment or intact body exists in the altitude band is used to convert wind uncertainty to 
the net position uncertainty for each band. The total uncertainty at a given time is the 
sum over all bands through which the sampled fragment or body passes. 


10.3.5 Lift Uncertainty. 
Uncertainty due to lift may be computed by a circular Gaussian distribution. The 1-σ 
radius is the difference in locations with and without lift force. Additional details are 
provided in section 8.4. 


10.4 Ballistic Trajectory Generation. 
Each ballistic trajectory should be created using a physics-based model that then utilizes 
the equations of motion accounting for the applied forces. Separate propagation models 
can be used for when fragments are in a vacuum, (i.e., above the given air density 
profile data), and when they are in the atmosphere. For motion completely in the 
vacuum, a fast method is to use Kepler’s solution for a spherical Earth. The solution 
will propagate the fragment or intact body from its initial location to a desired lower 
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altitude in one step. Additional iterations may be performed to achieve increased 
accuracy. The final location should be corrected for Earth oblations. 


10.4.1 Otherwise, propagator algorithms are designed to propagate fragments in a series of 
small time steps. Position and velocity components are computed using acceleration and 
some of its higher derivatives. The size of the steps involves a tradeoff between runtime 
and accuracy. The time steps should be no larger than one second and should be 
adjustable to smaller values to account for rapid changes in direction and speed. There 
are two types of propagators: predictor, and predictor-corrector. A predictor will only 
move forward in time, without any knowledge of how much error is being introduced. 
A predictor-corrector will compute the error buildup between steps, and if too large will 
reduce the time step and restart the step. For ballistic trajectory generation, time steps of 
less than a tenth of a second lead to about the same results and runtimes for both types. 
Exceptions are reentry cases where trajectories span large distances within the 
atmosphere before impact. For these, the error adjustment capability of the predictor-
corrector usually shows a clear advantage of accuracy. For time steps closer to one 
second, predictors will run faster at a cost of accuracy compared to predictor-correctors, 
but are found to be sufficient for launch-to-orbit and non-orbital missions. These 
statements assume that the codes in question are robust and have been thoroughly tested 
to yield desired results. 


10.4.2 Most propagators employ a version of a Taylor series expansion or Runge-Kutta 
algorithm. There are many versions of the Runge-Kutta algorithm as depicted in 
reference [17] of paragraph 3.4 of this AC. The various predictor-correctors have 
different starting mechanisms, step sizing logic, polynomial order, and error testing 
logic and thresholds. Both Taylor and Runge-Kutta series have an unbounded number 
of terms. For ballistic trajectories, the propagator should include at least up to fourth 
order terms. 


10.4.3 All ballistic propagators should account for gravity, which in turn needs an Earth model 
to define the gravitational constant and Earth’s shape. The WGS84 model should be 
used for all Earth constants. That model is described in greater detail in the reference [8] 
of paragraph 3.4 of this AC. For short range trajectories near the launch point, out to 
about 200 miles, the Earth can be treated as a sphere. Otherwise, the oblateness of the 
Earth should be accounted for, which is specified by the J2 Earth moments. Neglecting 
the J2 term can lead to an error of several miles over tens of degrees of span. The next 
higher even moment, J4, tends to have a non-negligible contribution only for a highly 
elliptical ballistic trajectory that makes one or more passes around the Earth. The radius 
of the Earth at a local surface point should be computed using the radius of the Earth at 
the equator, at the poles, and applying the Earth model eccentricity correction for the 
local latitude. 


10.4.4 In the atmosphere, propagators should account for drag force. For a tumbling body, drag 
is directed opposite to the direction of motion. If the position components are evaluated 
in the Earth’s rotating frame, then the propagator should also account for the Coriolis 
and centrifugal pseudo-forces. To evaluate these forces, the Earth model rotation rate is 
needed. 
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State vectors consisting of position and velocity can be represented in many different 
coordinate systems. Propagator codes are generally in an Earth-centered system, which 
may or may not be rotating with the Earth. At a given state time tj, a propagator will 
start with position �𝐸𝐸�𝑆𝑆𝑗𝑗�, 𝐹𝐹�𝑆𝑆𝑗𝑗�, 𝐺𝐺�𝑆𝑆𝑗𝑗�� and velocity �𝐸̇𝐸 �𝑆𝑆𝑗𝑗�, 𝐹̇𝐹�𝑆𝑆𝑗𝑗�, 𝐺̇𝐺�𝑆𝑆𝑗𝑗�� and project 
them forward to time tj+1. 


10.4.5 The drag acceleration is given by 
1


𝑆⃗𝑆𝑑𝑑𝑟𝑟𝑚𝑚𝑓𝑓�𝑆𝑆𝑗𝑗� = − 𝐶𝐶𝐷𝐷𝜌𝜌𝑣𝑣𝑟𝑟𝑓𝑓𝑠𝑠𝑚𝑚𝑑𝑑𝑣⃗𝑣𝑟𝑟𝑓𝑓𝑠𝑠𝑚𝑚𝑑𝑑𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 2𝑚𝑚�𝑆𝑆𝑗𝑗� 


where the fluid speed 𝑣𝑣𝑟𝑟𝑓𝑓𝑠𝑠𝑚𝑚𝑑𝑑 is the fragment’s speed with respect to the local winds, 𝜌𝜌 is 
the local air density, and 𝐴𝐴𝑟𝑟𝑟𝑟𝑟𝑟 is the aerodynamic reference area. The gravity 
acceleration, with the J2 correction, is given by 


3 𝐴𝐴2 𝐺𝐺2�𝑆𝑆𝑗𝑗� 𝑒𝑒 
𝑆𝑆𝑓𝑓𝑟𝑟𝑚𝑚𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔�𝑆𝑆𝑗𝑗� = −𝑔𝑔 �1 − 𝐽𝐽2 �5 − 1�� 𝑒𝑒 = 𝐸𝐸�𝑆𝑆𝑗𝑗� 𝑜𝑜𝑒𝑒 𝐹𝐹�𝑆𝑆𝑗𝑗�2 𝑒𝑒2�𝑆𝑆𝑗𝑗� 𝑒𝑒2�𝑆𝑆𝑗𝑗� 𝑒𝑒(𝑆𝑆) 


3 𝐴𝐴2 𝐺𝐺2�𝑆𝑆𝑗𝑗� 𝑒𝑒 
𝑆𝑆𝑓𝑓𝑟𝑟𝑚𝑚𝑔𝑔𝑚𝑚𝑔𝑔𝑔𝑔�𝑆𝑆𝑗𝑗� = −𝑔𝑔 �1 − 𝐽𝐽2 �5 − 3�� 𝑒𝑒 = 𝐺𝐺�𝑆𝑆𝑗𝑗�2 𝑒𝑒2�𝑆𝑆𝑗𝑗� 𝑒𝑒2�𝑆𝑆𝑗𝑗� 𝑒𝑒(𝑆𝑆) 


The factor A is the Earth’s equatorial radius, r, which is the distance from the 
gravitational center of the Earth to the center of gravity of the fragment. For a rotating 
frame, centrifugal acceleration is given by 


𝑆⃗𝑆𝑐𝑐𝑟𝑟𝑚𝑚𝑔𝑔𝑟𝑟𝑚𝑚𝑟𝑟𝑠𝑠𝑓𝑓𝑚𝑚𝑓𝑓�𝑆𝑆𝑗𝑗� = −𝜔𝜔��⃗  × �𝜔𝜔��⃗  × 𝑒𝑒(𝑆𝑆)� 


where 𝜔𝜔��⃗  is the Earth's rotation rate about the polar axis, and the Coriolis acceleration is 
given by 


𝑆⃗𝑆𝐶𝐶𝐶𝐶𝑟𝑟𝑚𝑚𝐶𝐶𝑓𝑓𝑚𝑚𝑠𝑠�𝑆𝑆𝑗𝑗� = −2𝜔𝜔��⃗  × 𝑣⃗𝑣(𝑆𝑆) 


10.5 Residual Thrust. 
A non-ballistic trajectory should be used for motors or engines with residual thrust. 
Although the requirements do not explicitly mention residual thrust, it must be dealt 
with to meet requirement § 450.121(c)(1). There are several types of situations where a 
thrusting motor or engine can survive vehicle breakup or termination. When a motor or 
engine has non-negligible residual thrust, then a 5-DOF simulation should be used for 
essentially axisymmetric vehicles and a 6-DOF simulation for non-axisymmetric 
vehicles. 


10.5.1 Free Fliers. 
The first case is when an intact propulsion system flies separately from the main body. 
This can occur when a propulsion system detaches from its core vehicle and continues 
under full power until self-breakup or intact impact of the propulsion system. A similar 
situation occur when an upper stage breaks up without destroying a lower stage. These 
should use the same type of analysis as with the powered core vehicle. This case is 
included in AC 450.119-1, High-Fidelity Malfunction Trajectory Analysis. In some 
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cases, residual thrust may present a negligible risk for casualty expectation, due to 
conditional probabilities which are discussed in AC 450.131-1, Probability of Failure. 
However, it should always be accounted for when performing assessments for flight 
abort, in accordance with § 450.108 and AC 450.108-1, Flight Abort Rule Development. 


10.5.2 Partially Intact SRM. 
A partially intact SRM can also have residual thrust. This can occur when vehicle 
destruct system does not result in complete breakup of an attached SRM. The destruct 
system is usually designed to break off the rear nozzle and front end of an SRM, such 
that both ends have thrust but in opposite directions with a small net force from the 
remaining burning propellant. A partial destruct could yield a larger imbalance in thrust 
resulting in a net residual thrust 𝑇𝑇. A partially intact SRM can result when the nozzle 
throat fails and is ejected in the exhaust stream. The wider orifice diminishes the 
exhaust velocity and thus reduces the thrust. The SRM propagates in a forward direction 
if the residual thrust acts along the central axis towards the nose-end. 


10.5.3 Stability of Unguided Body. 
For a thrusting body to continue in stable flight and not tumble might require sufficient 
thrust force and stabilizing fins, or a thrust offset that produces a moment matched by 
aerodynamic moments – this is often achievable even for bodies otherwise considered 
unstable at shallow thrust offset angles. A residual thrust that acts significantly off-axis 
usually leads to a spiraling motion of the body. This is not as likely to be stable and may 
rapidly reach a tumbling state, especially if aerodynamic loads are negligible. 


10.6 Directed Lift. 
Some breakup scenarios can lead to release of objects with significant lift where a stable 
orientation can be maintained or reached during ballistic fall. An applicant should 
consider the directed lift of a hazardous debris body in a high-fidelity analysis when 
computing flight hazard areas in accordance with chapter 12 of this AC. Although the 
requirements do not otherwise explicitly mention lift, it should be dealt with to meet 
requirement § 450.121(c)(1). A body may also have oscillatory motion that shifts 
between a stable lift vector and a condition of instability. Neglecting the stable lift 
regimes can cause the analysis to estimate mean impact point significantly shifted from 
the true mean (if the body remains on a known heading), or significantly increase the 
dispersion around the mean impact point (if the heading of the body is uncertain). This 
effect is usually only relevant for large components designed for aerodynamic stability. 
Vehicle breakup could lead to SRMs or liquid fueled rockets that contain opposing pairs 
of wings or fins and experience a stable lift force during free-fall. The stability is likely 
to exist only for sufficiently high speeds, after which a transition to tumbling motion 
occurs. The lift vector need not be upwards, but could also be orientated laterally for a 
body not traveling horizontally (perpendicular to drag). A 6-DOF simulation should be 
used for a hazardous debris body that is stable and has non-negligible lift. 
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10.7 Progressive Breakup and Breakup Fragment Shedding. 
If vehicle breakup occurs over a span of time, rather than at an instant in time, a set of 
ballistic trajectories should be initiated based on the core vehicle trajectory over that 
time span. This situation must be considered to meet requirement § 450.121(c)(2) and 
applies to planned body reentry from orbit. A progressive shedding of fragments may be 
due to aerothermal or aerodynamic effects while inside the atmosphere. The canonical 
example is the Space Shuttle Columbia reentry accident. Safety Design for Space 
Operations, (reference [1] of paragraph 3.4 of this AC) has an expanded discussion on 
this topic, including mathematical details, of shedding during a reentry event. During 
the breakup time span, ballistic trajectories should be initiated at a rate of about 1 Hz for 
each fragment class. A trajectory’s initial state vectors are (interpolated) points along 
the nominal reentry trajectory. Each shed time should be assigned a probability of 
fragment release, and all probabilities sum to one for each fragment class. The 
probabilities may obey a distribution that is uniform, Gaussian, or a more general Beta 
distribution. The probabilities are applied during evaluation of risk associated with a 
fragment class at the given shed time. Planned reentry generally occurs over water 
where the focus is on risk to aircraft. 


10.8 Hazardous Debris Demise. 
Virtually any material, including metallic fragments, experiencing drag friction of 
enough severity and over a sufficient dwell-time will enter a state of ablation where the 
material melts. This situation should be considered for fragments descending into, or 
traveling through, the atmosphere at thousands of feet per second. Although the 
requirements do not explicitly mention hazardous debris demise, the situation must be 
dealt with to meet requirement § 450.121(c). The ablation activation time depends on 
fragment speed, air density, fragment ballistic coefficient, and type of material. The 
reference Safety Design for Space Operations (listed as [1] of paragraph 3.4 of this AC) 
has an expanded discussion, including mathematical details, of inert fragment demise 
during a reentry event. As the fragment loses mass, its drag coefficient will get smaller 
leading to an increase in drag and a slowing of motion. This changes the course of the 
ballistic trajectory. The ablation will end if the fragment speed reduction drops below 
the threshold required for demise. Although risks to people may be reduced due to 
slower impact speeds, different people and assets might be at risk due to the modified 
trajectory. Ignoring hazardous debris demise is not necessarily conservative. 
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11 IMPACT PROBABILITY DISTRIBUTION. 
In accordance with § 450.121(c), an operator must compute statistically valid impact 
probability distributions, which should be computed for each predicted breakup 
location. For most ground or waterborne vessel risk analyses, distributions are 
2-dimensional, associated with the impact points in which the statistical trajectories 
cross the surface. For an aircraft, one approach is to generate 3-dimensional 
distributions, associated with points along the statistical trajectories at a series of free-
fall times of the hazardous debris clouds as the aircraft passes through a cloud. Another 
approach is to generate 2-dimensional distributions associated with the impact points in 
which the statistical trajectories cross the altitude level of the aircraft at a series of short 
progressing time spans. 


11.1 Impact Probability. 
A collection of statistical hazardous debris trajectories produces a set of impact points 
that intersect with a given altitude level. Mean sea level is used to compute risk to 
people in waterborne vessels. Mean terrain altitude is used to compute ground risks, 
which is typically the mean sea level for coastal launches. Specific altitude levels that 
depend on aircraft type are used to generate aircraft risk contours. For aircraft flying 
along specific flight paths, a range of altitudes may be needed. The impact points are 
separated into time blocks to deal with the transient nature of an aircraft flying at 
different altitudes. 


11.1.1 For risk analysis computations, impact probabilities for people and assets should 
consider the number of impact points that hazard a site. The dispersion pattern formed 
by impact points should be fit to a single functional distribution that allows a minor 
amount of statistical information to be lost. If a single distribution cannot be used, a 
collection of simple distributions should be considered, such as a kernel density 
estimation (KDE) procedure as described in the reference listed as [18] of paragraph 3.4 
of this AC. An alternative to a distributional fit is to use histograms of impact counts 
over the impact space, which can deal with diverse statistical patterns. 


11.1.2 The criterion for employing functional distributions is that they can account for the first 
few statistical moments of the impact dispersion pattern. Every functional distribution 
employed should account for the first moment given by the mean and the second 
moment given by the variance. Functional distributions should also account for the 
moment of skewness and the fourth moment for patterns that exhibit excessive statistics 
in these moments. If higher moments are relevant, then either a collection of simpler 
distributions or a histogram should be constructed. 


11.1.3 A statistical set of hazardous debris ballistic trajectories will likely be Gaussian if the 
sources of uncertainty applied during the Monte Carlo simulation are Gaussian, or 
near-Gaussian such as log-normal. Impact points may acquire skewness for long fall 
times and strong wind conditions. Monte Carlo state vector uncertainty sets may exhibit 
too much skewness, and more often too much kurtosis. Directed velocity explosion 
models tend to be non-Gaussian, such as forming a ring or torus, or possess no 
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discernible pattern. Trajectories that involve residual thrust or directed lift are also 
likely to possess no discernible pattern. 


11.2 Gaussian Distribution. 
A Gaussian or “normal” distribution is usually appropriate when skewness and kurtosis 
are both small. Both values are 0 in an exact normal distribution. As a rule of thumb 
excessive skewness would be values outside the range [-1,1], and for kurtosis values 
outside the range [-3,3]. 


11.2.1 On a plane, a “bivariate” normal distribution is formed using the mean location �𝑒𝑒, 𝑦𝑦� 


and the associated 2-dimensional covariance matrix of the impact locations. The 
2-dimensional distribution is the product of the two individual 1D distributions in which 
the standard deviation values �𝜎𝜎𝑚𝑚, 𝜎𝜎𝑔𝑔� are the eigenvalues of the 2-dimensional 
covariance matrix. The pair of 1D distributions are orthogonal along the principal axis, 
with direction provided by the eigenvectors of the 2-dimensional covariance matrix. 


11.3 Skewed Distribution. 
A Gaussian based distribution that accounts for skewness, is the Skew-Normal 
distribution. This is defined by a mean, covariance matrix, and an additional Shape 
parameter, α, that quantifies the amount of skewness. 


11.3.1 Figure 1 presents a sampling of 1D skew-normal curves. The 2-dimensional 
skew-normal distribution cannot be reduced to the product of two 1D functions due to 
the nature of the shape parameters. For high skewness, the figure shows that the 
Gaussian distribution produces a tail in which zero probability exists. 


11.3.2 Due to the nature of the shape parameter, solving for the 2-dimensional skew-normal 
distribution parameters involves an approach that requires the use of non-linear 
differential equations. A useful solution that applies to impact dispersions for the 
2-dimensional distribution can be developed through a careful reading of the literature.4 


Issues that should be dealt with are employment of proper coordinates, and avoidance of 
common runaway solutions that go to an infinite value for alpha and are usually invalid. 


4 See http://azzalini.stat.unipd.it/SN/index.html. 
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Figure 1 – Comparison of Various Skew-Normal Curves 


11.4 Histogram Distribution. 
Impact probabilities are specified by first defining a surface grid. A histogram that 
specifies impact probabilities over a grid is constructed by determining the number of 
trajectories that pass through each cell. Cell sizes should be no larger than about one 
hundredth of the area of the dispersion pattern, which displays gradual differences 
between grid points. Otherwise, an iterative process may be needed to determine a 
suitably fine grid to attain the desired accuracy in computed risk. To obtain sufficient 
cell statistics, especially near the edges of the dispersion pattern, may require that the 
collection of trajectories have tens of thousands of samples. Due to long runtimes for 
trajectory generation, this type of approach is much less practical than the KDE in 
which runtime is proportional to the number of dispersions. 


11.5 3-dimensional Impact Probability. 
The collection of statistical hazardous debris trajectories produces sets of 3-dimensional 
cloud points at given free-fall times. Aircraft risk is computed by determining how 
much of the hazardous debris cloud the aircraft passes through between free-fall times 
and using the net probability inside the swept-out volume of encountering a fragment. 
Typically, a single mean probability value can be used since aircraft are much smaller 
than the hazardous debris clouds and as such, variations in hazardous debris impact 
probabilities will be insignificant. The total risk is the sum over all free-fall times. If 
only an aircraft analysis is being performed, then the trajectories only need be computed 
far enough until the cloud has fallen below the aircraft and is no longer a hazard. 
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11.5.1 The generalization of the 2-dimensional distributions to three dimensions is 
straightforward. The tri-normal distribution has mean �𝑒𝑒, 𝑦𝑦, 𝑧𝑧� and standard deviation 
values �𝜎𝜎𝑚𝑚, 𝜎𝜎𝑔𝑔, 𝜎𝜎𝑧𝑧� that are the eigenvalues of the 3-dimensional covariance matrix. The 
triplet of 1D distributions are orthogonal and along the principal axis, in which 
directions are provided by the eigenvectors of the 3-dimensional covariance matrix. The 
3-dimensional skew-normal possesses the same solution process requirements and 
complexities as the 2-dimensional case but can be resolved in the same manner. 


11.5.2 The 3-dimensional histogram approach uses cubes rather than cells. The set of cubes 
span the space through which an aircraft may pass, and will likely necessitate that the 
collection of trajectories has millions of members for those aircraft near the edges of the 
cloud dispersion pattern. 


12 CONSEQUENCE MODELING. 
A flight safety analysis must compute the predicted consequences of each reasonably 
foreseeable failure mode in any significant period of flight in terms of conditional 
expected casualties, in accordance with § 450.135(b). The hazardous debris may be 
inert, explosive, or toxic that endangers people who are unsheltered, in buildings, on or 
below deck of waterborne vessels, or in aircraft. For some cases, sufficient information 
is given to fully compute the consequence. Otherwise, the discussion will outline an 
approach and indicate what type of effort remains. The models presented in this chapter 
are in current use among many of the Federal ranges. If desired, the operator may 
employ its own models with proper justification. 


12.1 Types of Consequences. 
In accordance with § 450.135(b)(2), evaluation of risks requires computing the 
probability of consequence 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 by examining the effects of the hazardous 
debris hazard on population centers. Analysis using population centers is further 
explained in AC 450.123, Population Exposure Analysis. Some of the 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 


values relate directly to requirement threshold levels that should not be exceeded for a 
high-fidelity analysis. Others are components of the risk values, to be discussed in 
paragraph 12.6.1 of this AC, that then relate to all the remaining requirement threshold 
levels. 


12.1.1 The probability of consequence depends on the probability that hazardous debris 
impacts at or near the population center, and the probability that the impact results in a 
casualty: 


𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = 𝑒𝑒𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 × 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 


12.1.2 There are several levels of effort that can be put forward to evaluate 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔, which 
differ by degree of conservatism. 
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08/02/2024 AC 450.115-1B 


12.1.3 The simplest and most conservative is to set 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 1 for all hazardous debris, and 
thus 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = 𝑒𝑒𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔. 


12.1.4 If using 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 1 results in meeting the risk criteria of §§ 450.101(a) to 450.101(b) 
then a less conservative and more complicated method to evaluate 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 is not 
necessary. 


12.1.5 Instead of setting 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 1 for all hazardous debris, it can be set only for selected 
fragments that pass specific hazardous debris filters, while everything else is rejected. 
Any hazardous debris on unsheltered people can be rejected if the impact kinetic energy 
is less than 11 ft-lbs and the mean impact kinetic energy per unit area at impact is less 
than 34 ft-lb/in2. For sheltered people near windows, explosive consequences only need 
to be considered in the region where the overpressure exceeds 0.25 psig, for the 
purposes of the debris risk analysis required by § 450.1355. Several additional 
acceptable filters are given in the reference listed as [22] of paragraph 3.4 of this AC. 
Any hazardous debris on sheltered people can be rejected if the roof is struck with less 
than 17 ft-lbs. Explosive effects can be ignored for unsheltered people where the 
overpressure is less than 2 psig. For sheltered people hazarded by falling walls and 
roofs, the threshold is 1 psi. Finally, hazardous debris on aircraft can be rejected if its 
mass is less than 0.4 gram. 


12.1.6 If the filters are not useful, then a probabilistic model-based evaluation of 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 


should be done. This would include a model for human vulnerability that considers the 
effects of the hazard on the human body. A valid model should account for the 
vulnerability of various body parts that dominate the risk. The type of consequence 
being performed will indicate which body parts should be considered. The degrees of 
injury to people and specific body parts can be separated into categories corresponding 
to the severity of the injury. A system that is used among many industries is the 
Abbreviated Injury Scale (AIS). This was originally published in 1971 to provide a 
taxonomy of injuries generated by road accidents, and has been refined several times 
since This publication is listed as reference [20] of paragraph 3.4 of this AC. There are 
7 AIS levels that are defined in Table 2 of this AC. A “casualty” corresponds to AIS 
level 3 (or higher), which are serious injuries requiring hospitalization for recovery, or 
greater AIS level. 


5 In accordance with § 450.137, a flight safety analysis must include a far-field overpressure blast effect analysis that 
demonstrates compliance with safety criteria in § 450.101. In accordance with § 450.137(b)(3), this analysis must 
account for the potential for broken windows due to peak incident overpressures below 0.1 psi and related casualties 
based on the characteristics of exposed windows and the population’s susceptibility to injury, etc. 
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Table 2 – AIS Severity Levels 


AIS Severity 
Level Severity Type of Injury 


0 None None 


1 Minor Superficial 


2 Moderate 
Reversible injury; medical 


attention required 


3 Serious 
Reversible injury; hospitalization 


required 


4 Severe 
Life threatening; not fully 
recoverable without care 


5 Critical 
Non-reversible injury; not fully 
recoverable even with medical 


care 


6 
Virtually 


Unsurvivable 
Fatal 


12.1.7 Evaluating the human vulnerability model at the casualty level can then be then fed into 
one of two forms that lead to a proper evaluation of 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟. The first 
representation is as an “effective” casualty area. As specified in § 401.7, effective 
casualty area means the aggregate casualty area of each piece of debris created by a 
vehicle failure at a particular point on its trajectory. The effective casualty area for each 
piece of debris is a modeling construct in which the area within which 100 percent of 
the population are assumed to be a casualty, and outside of which 100 percent of the 
population are assumed not to be a casualty. This area need not be a single connected 
region, but may be comprised of several disjoint sections. The effective casualty area, 
CA, is a factor in the probability of 𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦 through 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 𝐶𝐶𝐴𝐴/𝐴𝐴𝑖𝑖𝐶𝐶𝑖𝑖 where 𝐴𝐴𝑖𝑖𝐶𝐶𝑖𝑖 


is the area of the population center. The effective casualty area must account for all 
relevant hazardous debris characteristics and the characteristics of a representative 
person potentially exposed to the hazardous debris hazard in accordance with 
§ 450.135(b)(1). For reporting purposes, the effective casualty area needs to be 
computed for people who may be occupying an unsheltered casualty area in accordance 
with § 450.135(c)(3), as well as for a representative type of building, ground vehicle, 
waterborne vessel, and aircraft, assuming a representative impact vector, in accordance 
with § 450.135(c)(4). 
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08/02/2024 AC 450.115-1B 


12.1.8 The second way in which the potential for a casualty is usually characterized is by 
specifying a probability of casualty versus distance profile, i.e., 𝑃𝑃𝐶𝐶(𝑑𝑑). The distance d 
is measured from the hazardous debris impact point, and the profiles that extend 
outward from that point may or may not depend on the hazardous debris’ impact 
direction. The profile 𝑃𝑃𝐶𝐶(𝑑𝑑) is not necessarily monotinically decreasing as d increases. 
To include all non-trivial risks for distant population centers, the profiles 𝑃𝑃𝐶𝐶(𝑑𝑑) may 
need to go out far enough until the probability level drops below at least 1x10-6 . A 
ramification of this is that a given population center can be reached by hazardous debris 
impacts with varying impact probabilities. To properly compute risk, the impact space 
should be broken down into cells where the probability of impact in each cell has small 
impact variation, which should be less than about 1/3rd of a standard deviation of the 
impact distribution. The 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 on a site is then expressed as a sum over all the 
impact cells. 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 × 𝑃𝑃𝐶𝐶(𝑑𝑑𝑚𝑚) 
𝑚𝑚=0 


12.1.9 An effective casualty should also be computed to meet reporting requirements in 
§§ 450.135(c)(3) and (4), although it is generally not needed for computations that use 
the 𝑃𝑃𝐶𝐶(𝑑𝑑) curves. For these cases, the effective casualty is evaluated as the integral of 
𝑃𝑃𝐶𝐶(d) over the area where 𝑃𝑃𝐶𝐶(d) is at least 1 percent. 


12.2 Inert Hazardous Debris. 
In accordance with § 450.135(b)(3), a debris risk analysis must model the casualty area, 
and compute the predicted consequences of each reasonably foreseeable failure mode in 
any significant period of flight in terms of conditional expected casualties accounting 
any impact or effects of hazardous debris. This section discusses the hazard cases where 
inert hazardous debris consequences arise, and provides guidelines for evaluating such 
consequence. Inert risk must be computed for people who may be occupying an 
unsheltered casualty area in accordance with § 450.135(c)(3), and people in buildings, 
people on or below deck in waterborne vessels, and people in aircraft in accordance 
with § 450.135(c)(4). 


12.2.1 Although the discussion applies to inert consequences, in accordance with 
§ 450.135(b)(3), the hazardous debris does not need to be inert but can also be 
explosive or toxic. This is because hazardous debris with small explosive or toxic risks 
may have higher risks by treating them as inert. In other words, the kinetic impact of the 
hazardous debris may pose more risk than if the fragment exploded or released toxic 
gases. Thus, for these cases risks should be computed both ways and the larger risks 
values applied against the risk thresholds. 
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08/02/2024 AC 450.115-1B 


12.3 Unsheltered People. 
In accordance with § 450.135(b), the casualty consequence for inert hazardous debris 
impacts on unsheltered people must be represented by an effective casualty area. The 
hazardous debris list should include all fragments with an impact kinetic energy of at 
least 11 ft-lbs or a mean impact kinetic energy per unit area at impact of at least 
34 ft-lb/in2. The net effective casualty area may be based on a sum over much smaller 
areas. 


12.3.1 The full hazardous debris hazardous area may be broken down in cells, and within each 
cell, the effective casualty area 𝐶𝐶𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓 is computed by 


𝐶𝐶𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓 = 𝐻𝐻𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓 × 𝑒𝑒𝑚𝑚𝑚𝑚𝑗𝑗𝑠𝑠𝑟𝑟𝑔𝑔 


where 𝐻𝐻𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓 is the hazard area of the cell, which is the area of the cell, and 𝑒𝑒𝑚𝑚𝑚𝑚𝑗𝑗𝑠𝑠𝑟𝑟𝑔𝑔 is 
the probability of serious injury to a person in that cell of one or more specific body 
parts. 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 12.3.2 The probability of casualty is 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = ∑𝑗𝑗=0 𝐶𝐶𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓𝑗𝑗 
/𝐴𝐴𝑐𝑐𝑟𝑟𝑓𝑓𝑓𝑓𝑗𝑗 


, and the probability of 
impact is computed separately, which and is evaluated over the population center area 
𝐴𝐴𝑖𝑖𝐶𝐶𝑖𝑖. 


12.3.3 This probability 𝑒𝑒𝑚𝑚𝑚𝑚𝑗𝑗𝑠𝑠𝑟𝑟𝑔𝑔 depends on the body part(s) that are struck by hazardous debris, 
the type of person (male, female, adult, child), the impact velocity of the fragment, and 
the mass of the fragment. A partitioning of the body into parts where injury can at a 
minimum lead to a serious casualty, might include the head, chest, abdomen, legs, and 
thorax, but not arms. Hazard area cells may be associated with locations within which a 
particular body part is struck, and so do not need to be square shape but can assume any 
convenient shape. 


12.3.4 The fragment shape also affects the degree of injury. To be conservative, fragments 
should be modeled as spheres, which tend to produce the highest probability of injury, 
although in some situations a plate shape may have higher risks. For a range of 
fragment masses, sample 𝑒𝑒𝑚𝑚𝑚𝑚𝑗𝑗𝑠𝑠𝑟𝑟𝑔𝑔 curves are shown in Figure 2 of this AC for vertical 
impacts to the head, in Figure 3 for horizontal impacts to the chest, in Figure 4 for 
horizontal impacts to the abdomen, and in Figure 5 for horizontal impacts to the legs. 
These curves are for localized blunt injury impacts for a typical person in the public. 
They only account for direct hits to the body and ignore any secondary injury to other 
body parts, such as if the person is knocked to the ground. For masses not shown in the 
figure, linear interpolation should be used between curves, and the bounding curves at 
the far left and right used instead of extrapolation. Small fragments may have a higher 
probability for skin penetration, while larger fragments for crushing. Larger fragments 
may also knock a person down causing secondary injuries when the person strikes the 
ground. 
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Figure 2 – Probability of Casualty Curves for Non-Mission Essential, Vertical Impact to 
Head, Blunt Injury 


Figure 3 – Probability of Casualty Curves for Non-Mission Essential, Sphere Impacting 
Chest, Blunt Injury 
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Figure 4 – Probability of Casualty Curves for Non-Mission Essential, Sphere Impacting 
Abdomen, Blunt Injury 


Figure 5 – Probability of Casualty Curves for Non-Mission Essential Sphere Impacting 
Leg, Blunt Injury 
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12.4 Casualty Areas. 
The casualty area, from which the “effective” casualty area is based, should include 
where a person could be standing to experience (1) direct impact of the fragment, (2) 
impact of the fragment during bouncing, (3) impact if the fragment due to skipping, 
sliding, rolling, or ricocheting, or (4) impact of fragment pieces if the fragment 
splatters. The hazard area should also account for the effect of terrain where feasible. 
Atmospheric drag and wind can be ignored when describing the fragment’s motion 
during these phases. 


12.4.1 Direct Hazard Area. 
The local hazard area for direct impact should account for the radius of a standing 
person, about one foot, and the projected hazardous area of the fragment as it reaches 
the person. The fragment can be assumed to be spherical. The area should also account 
for the angle at which the fragment is traveling just prior to impact. For a person 
standing in any part of the direct hazard area, the path of the fragment should be tracked 
close enough to identify which body parts are struck to convert to the effective casualty 
area. For impact on a soft surface, it should be determined if the fragment buries itself 
into the ground, (i.e., more than half its radius is underground), before proceeding to 
consider fragment bouncing. 


12.4.2 Bounce Hazard Area. 
The local hazard area produced by a bouncing fragment could be computed by 
modelling the fragment as a sphere to get a conservative area. Modeling as a football, 
cube, or other shape will tend to lead to smaller areas, although the dynamics may be 
harder to capture. The contact with the Earth’s or waterborne vessels’ surface should 
account for a reduction in vertical speed based on the coefficient of restitution e for that 
surface: 𝑣𝑣𝑟𝑟𝑟𝑟𝑠𝑠𝐶𝐶𝑠𝑠𝑚𝑚𝑑𝑑 = 𝑅𝑅 × 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 . Conservative values as a function of the vertical 
component of the total impact speed are shown in Table 3 of this AC. 
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Table 3 – Coefficients of Restitution 


Surface Type Coefficient of Restitution Vertical Impact Speed (ft/s) 


Soft soil or water 0 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 > 340 


Soft soil or water 0.09 
− 0.39(𝑆𝑆𝑜𝑜𝑔𝑔10 
− 2.301) 


340 > 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 > 200 


Soft soil or water 0.2 − 0.0.845(𝑆𝑆𝑜𝑜𝑔𝑔10 
− 1) 


200 > 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 > 10 


Soft soil or water 0.2 10 > 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 


Hard 0 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 > 300 


Hard 𝑆𝑆𝑜𝑜𝑔𝑔10�300/𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 � 0.5 
𝑆𝑆𝑜𝑜𝑔𝑔10(300/40) 


300 > 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 > 40 


Hard 0.5 40 > 𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 


12.4.2.1 The contact with the Earth’s or waterborne vessels’ surface should account 
for changes in the rotation rate of the fragment. During initial approach of 
the fragment, the angular speed can be assumed to be zero, which results 
in the angle of reflection equal to the angle of incidence. Conservation of 
momentum should be applied during contact with the surface to determine 
the post-bounce angular rate. The angular rate can be assumed to remain 
constant while the fragment is airborne and should be applied on 
subsequent bounces to compute the next angle of reflection. 


12.4.2.2 The elliptical path, formed by the fragment’s trajectory between bounces, 
should be tracked to identify which body parts are struck both during the 
ascent and descent to convert to effective casualty area. In the absence of 
data on the average height of exposed persons, a height of a five feet 
should be used when accounting for areas where a fragment bounce over a 
person’s head and poses no hazard. The bouncing phase of the fragment 
should stop when the maximum rebound height drops below a threshold, 
such as 0.5 feet. 


12.4.3 Slide and Roll Hazard Area. 
When the fragment bouncing phase has ended, the motion of the fragment should be 
continued in the forward direction, accounting for the reduction in horizontal speed due 
to friction. The radius of the rolling fragment should be used to determine which body 
part(s) the fragment impacts. Obstacles such as trees, rocks, and similar items can be 
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ignored if a bound is placed on the maximum distance that the fragment can travel once 
surface impact occurs. A typical bound is about a couple hundred feet. 


12.5 Probability of Casualty Area. 
In accordance with § 450.135(b)(4)(i), the vulnerability of people to debris impacts or 
effects must be represented by an effective casualty area. The hazard is due to fragments 
that penetrate the roof, causing potential injury to the people on the floor(s) below from 
the roof hazardous debris and the original fragment itself. The probability of casualty 
should be evaluated in the form 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 𝐶𝐶𝐴𝐴/𝐴𝐴𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟. The probability of impact is 
computed separately and is evaluated over the effective roof area. This area should 
include the projected radius of the fragment if casualty can occur when the fragment 
clips the edge of the building.  


12.6 Potential for Roof Penetration. 
Evaluation of the potential for roof penetration should consider the fragment’s weight, 
projected area, angle of incidence, and impact vertical speed. The horizontal speed 
component of the velocity can be ignored. The construction of the building’s roof and 
frame should also be considered such as dimensions, spacing of any joists or girders, 
and beam section properties. Figure 6 shows the layout of a typical wood roof and 
different impact configurations. 


Figure 6 – Illustration of a Wood Built-Up Roof 


12.6.1 Hazardous debris that impacts the floor surface directly under the roof may penetrate 
the next floor level and cause potential injury to people two levels below the roof, and 
so on. Hazards tend to diminish the farther down a floor is from the roof. This means 
that risk values can be reduced by computing it for all floors in a building where people 
reside. However, it becomes more of a challenge to obtain accurate risk values for the 
lower floors beyond two or three down. As a tradeoff, risks can be evaluated for just 
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some of the uppermost floors, and then to account for people in lower floors a 
conservative approach is to move them up to the lowest level that is being considered. It 
is acceptable to place everyone in the uppermost floor, although excessive risk might 
result and there might be greater chance that the thresholds are exceeded. 


12.6.2 The sheltering model should account for variability of the fragment and building 
parameters. It can be assumed that a uniform impact probability distribution is 
applicable for the impact points on a roof. To avoid dealing with the orientation of a 
person as that person is struck, a conservative approach is to model only vertical head 
impacts. If extended roof hazardous debris, e.g., a beam, impacts a person, then its 
orientation should be accounted for when it strikes the head. 


12.6.3 Typically, it is not necessary to evaluate individual buildings. Instead, a small number 
of building classes can be defined to assess the protection afforded to sheltered persons. 
Unique buildings, particularly in the immediate launch vicinity, may need to be 
decomposed into sections corresponding to the representative buildings. If a specific 
building is not represented by a class, then a separate analysis needs to be performed on 
it. A representative building can be modeled without any bounds on the roof size. If the 
resultant effective casualty area is larger than the roof of the actual building it is being 
applied to, then the area should be cropped to that roof size. 


12.6.4 The four roof classifications represented in Table 4 of this AC were analyzed for 
penetration by six ballistic coefficient classes for the hazardous debris. The hazardous 
debris were assumed to impact the roofs at terminal velocity and had weights ranging 
from 0.1 lb. to 10,000 lb. The resulting effective casualty areas for people in the top 
floor of the structures impacted by inert hazardous debris are shown in Figure 7 through 
Figure 10. Each figure provides the effective casualty area for a given roof-type as a 
function of fragment weight in each of the beta classes. 
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Table 4 – Representative Building Classes 


Structure 
Roof 
Class 


Building Description Typical Construction 


Conservative 
Glass/Floor 
Area Ratio 


A Mobile home and trailers; 
Temporary office trailers 


Wood studs with plywood 
used for walls and roof 20 percent 


B 


Single residential units of 
all types, single family 
dwellings, duplex, 
apartments, town homes, 
condos 


Un-reinforced masonry 
walls with wood stud roof 


30 percent 


C 


Commercial buildings less 
than 15,000 ft2 of all kinds, 
including retail, offices, 
restaurants, gas stations, 
strip malls 


Metal stud and metal 
panel walls, steel moment 
resisting frame, metal 
panel roof 


35 percent 


D 


Commercial buildings 
more than 15,000 ft2 of all 
kinds, including retail, 
offices, warehouses, 
manufacturing, malls 


Lightly reinforced 
concrete tilt-up walls with 
wood or metal decking 
over steel joists 


10 percent 


12.6.5 The effective casualty areas in the figures are based on many impact points over a roof 
for each fragment weight and roof type. In some cases, penetration will not occur every 
time, because the fragment is stopped by the joist supporting the surface. The average 
effective casualty area accounts for the contributions of those cases where there is no 
penetration. 
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Figure 7 – Effective Casualty Areas of Hazardous Debris Hitting a 
Light Metal Roof (Class A) 


Figure 8 – Effective Casualty Areas of Hazardous Debris Hitting a Wood Roof (Class B) 
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Figure 9 – Effective Casualty Areas of Hazardous Debris Hitting 
a Composite Roof (Class C) 
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Figure 10 – Effective Casualty Areas of Hazardous Debris Hitting a Concrete Reinforced 
with Steel Roof (Class D) 


12.7 People in Waterborne Vessels (Ships). 
In accordance with § 450.135(b)(4)(i), the vulnerability of people to debris impacts or 
effects from inert hazardous debris to people on ships must be represented by an 
effective casualty area. Effects from inert hazardous debris impacts in the water near the 
ships can be ignored. The probability of casualty is 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 𝐶𝐶𝐴𝐴/𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖, and the 
probability of impact is computed separately and is evaluated over the ship deck area. 


12.7.1 Several sources of casualty should be considered for inert hazardous debris impacts on 
ships as described in the reference [22] of paragraph 3.4 of this AC. The effective 
casualty area should account for injuries to people from direct strikes, deck penetration, 
hull penetration, and onboard fuel explosions. The most severe is a catastrophic event 
that is defined as one leading to a large number of casualties or a loss of ship. One 
catastrophic event that should be evaluated is a ship sinking due to hull penetration. 


12.7.2 If the ship’s hull is penetrated by hazardous debris and causes significant hull damage 
resulting in a catastrophe (e.g. sinking), and the estimated time to rescue the ship 
occupants exceeds the time they would be expected to survive without serious injuries, 
then the effective casualty area should be set to the maximum possible value, (i.e. to 
that of the ship area: 𝐶𝐶𝐴𝐴 = 𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖). An inert fragment will penetrate the hull if it has 
sufficient impact kinetic energy and mass. If the speed of a ship is significant relative to 
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the impact speed of a fragment, the impact velocity of the fragment relative to the ship 
may need to account for the ships speed. 


12.7.3 Table 5 of this AC provides thresholds for hull damage based on the size of the ship. 
The effective casualty area should be set to zero if both criteria listed in the table are not 
satisfied for a given ship size, and then other sources of casualty should be evaluated. 


Table 5 – Threshold Values for Significant Hull Damage 


Ship Category Penetration Criteria 


Length 
(ft) Ship Types 


Deck/hull 
Material 


Minimum 
Mass (lbs) 


Minimum 
Kinetic Energy 
(ft lbf) 


< 25 
Small fishing vessels and 


pleasure craft 
One plywood layer: 


0.75 inch 
0.6 25 


25-50 
Small to medium size 
fishing vessels and 


pleasure craft 


Two plywood layers: 


0.5 and 0.75 inches 
0.7 115 


50-100 
Medium sized fishing 


vessels and pleasure craft, 
tug boats 


Two plywood layers 


0.75 inch each 
1.0 205 


100-200 
Large fishing vessels, 


pleasure craft, and coast 
guard patrol ships 


Two steel layers: 


0.1 and 0.2 inches 
35 40,000 


200-295 
Large fishing vessels, 


pleasure craft, and coast 
guard patrol ships 


Two steel layers 


0.2 and 0.3 inches 
115 71,000 


> 295 
Container ships, tankers, 


other cargo ships, pleasure 
cruise ships, military ships 


Two steel layers 


0.2 and 0.4 inches 
6,300 1,250,000 


12.7.4 Another catastrophic event is an explosion/fire from stored fuel being ignited by tank 
penetration or a collapsing deck. Ships tend to store fuel below the cabin or deck. A 
determination should be made of the total area 𝐴𝐴𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓 that could be penetrated leading to 
ignition and subsequent explosion of the fuel. If the fuel is ignited, then the effective 
casualty area should be set to the fuel storage area: 𝐶𝐶𝐴𝐴𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓 = 𝐴𝐴𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓. 


12.7.5 An inert fragment will penetrate the deck if it has sufficient kinetic energy and weight. 
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12.7.6 Table 6 of this AC provides thresholds for deck damage based on the size of the ship. 
The effective casualty area should be set to zero if both criteria are not satisfied for a 
given ship size. 


Table 6 – Threshold Values for Ship Cabin and Deck Penetration 


Ship Category Penetration Criteria 


Length (ft) Roof Material 
Minimum 
Mass (lbs) 


Minimum Kinetic 
Energy (ft lbf) 


< 25 No roof assumed n/a 11 


25-50 1/2-inch plywood 0.055 23 


50-100 3/4-inch plywood 0.137 75 


100-200 0.10-inch steel 1.2 1,300 


200-295 0.20-inch steel 4.4 7,800 


> 295 0.3125-inch steel 10.0 16,000 


12.7.7 The analysis should assume that the location of people on the ship or below deck is not 
coincident with that of the fuel storage area. The effective casualty area that accounts 
for both fuel explosion and casualty hazardous debris should be the sum 𝐶𝐶𝐴𝐴 = 
𝐶𝐶𝐴𝐴𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠 + 𝐶𝐶𝐴𝐴𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓. Replace the sum with the ship area if the latter sum is smaller. 


12.7.8 For unsheltered people, 𝐶𝐶𝐴𝐴𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠 is evaluated in the same method used in paragraph 
12.1.1 of this AC. If the deck is not penetrated, then 𝐶𝐶𝐴𝐴𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠 includes the contributions 
from a direct hit, as well as bounce and roll. If the fragment penetrates the deck, then 
𝐶𝐶𝐴𝐴𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠 only accounts for the direct hit and ignores the bounce and roll. For people 
below deck, Table 6 may be applied to determine if the hazard exists. Since ship decks 
tend to be strong material, the effective casualty area should be set to three times the 
projected hazardous area of the fragment 𝐶𝐶𝐴𝐴𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠 = 3𝐴𝐴𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓𝑚𝑚𝑟𝑟𝑚𝑚𝑔𝑔 to account for 
secondary hazardous debris if deck penetration occurs. 


12.8 People in Aircraft. 
In accordance with § 450.135(b)(4)(i), the vulnerability of people to debris impacts or 
effects to people in aircraft must be represented by an effective casualty area. An 
accurate method for aircraft risk examines the aircraft passing through the 
3-dimensional hazardous debris cloud. Since the aircraft is in motion, there are a series 
of casualty areas where each is active for a short period of time, typically a few seconds 
or less. Each casualty area corresponds to that of the lateral cross-section of the volume 
that the aircraft sweeps out during the time the aircraft passes through the debris cloud. 
This area is a projected area, relative to the direction of travel of the aircraft. Chapter 10 
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of reference [1] in paragraph 3.4 of this AC provides additional discussion of the 
calculation of aircraft risk. 


12.8.1 The application of vulnerability that leads from a casualty area to an “effective” 
casualty area comes from both the aircraft and the people on board. The term “aircraft 
vulnerability” refers to the combination of the two sources. The aircraft may be 
modeled as a rectangular box with top area 𝐴𝐴𝑔𝑔𝐶𝐶𝑖𝑖, front area 𝐴𝐴𝑟𝑟𝑟𝑟𝐶𝐶𝑚𝑚𝑔𝑔 , and a side area 
𝐴𝐴𝑠𝑠𝑚𝑚𝑑𝑑𝑟𝑟. The side area can be ignored because almost all fragments are likely to strike the 
front or top of the aircraft, and only graze the aircraft sides. 


12.8.2 Applying aircraft vulnerability, the casualty area is reduced to the effective casualty 
area, and the corresponding volume swept out leads to a projected vulnerability volume. 
When the aircraft is moving through a hazardous debris cloud, the aircraft consequence 
probabilities should be summed over a series of snapshot times when both the aircraft 
and hazardous debris cloud are frozen. The projected vulnerable volume is the space 
that the aircraft’s projected vulnerable area sweeps out during the time interval 𝛥𝛥𝑆𝑆 
between snapshot times, 


𝛥𝛥𝑐𝑐𝑆𝑆𝛥𝛥𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑 = 𝛥𝛥𝑐𝑐𝑆𝑆𝐴𝐴𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑 × 𝑣𝑣𝑟𝑟𝑟𝑟𝑓𝑓 × 𝛥𝛥𝑆𝑆 


𝑣𝑣𝑟𝑟𝑟𝑟𝑓𝑓 is the relative speed (magnitude of the velocity vector of impact) between the 
aircraft and the hazardous debris cloud: 


𝑣𝑣𝑟𝑟𝑟𝑟𝑓𝑓 = �𝑣⃗𝑣𝑚𝑚𝑚𝑚𝑟𝑟𝑐𝑐𝑟𝑟𝑚𝑚𝑟𝑟𝑔𝑔 − 𝑣⃗𝑣𝑑𝑑𝑟𝑟𝑠𝑠𝑟𝑟𝑚𝑚𝑠𝑠�. 


The probability of consequence is the product sum 
𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐 


𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑔𝑔𝐶𝐶𝑓𝑓𝑠𝑠𝑚𝑚𝑟𝑟�𝑆𝑆𝑗𝑗� × 𝛥𝛥𝑐𝑐𝑆𝑆𝛥𝛥𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑�𝑆𝑆𝑗𝑗� 
𝑗𝑗=1 


where 𝑒𝑒𝑔𝑔𝐶𝐶𝑓𝑓𝑠𝑠𝑚𝑚𝑟𝑟 is the probability of finding a fragment in the volume. 


12.8.3 The vulnerable area of an aircraft depends on the fragment’s mass, size, and shape. 
Models to compute 𝛥𝛥𝑐𝑐𝑆𝑆𝐴𝐴𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑 for aircraft are called the Probabilistic Aircraft 
Vulnerability Models (PAVM). A full discussion and details of the modeling process is 
given in reference [24] of paragraph 3.4 of this AC. The models consider potential 
hazardous debris damage and penetration of components of the aircraft, and apply 
human vulnerability models to evaluate serious injury for passengers. Rather than treat 
each fragment type individually, a conservative approach may be taken to model the 
hazardous debris fragments as steel cubes. 


12.8.4 Above the maximum mass for which a PAVM is valid, the full size of the aircraft is 
used: 


𝑐𝑐𝑓𝑓𝐶𝐶𝑠𝑠𝑑𝑑 𝑐𝑐𝑓𝑓𝐶𝐶𝑠𝑠𝑑𝑑 𝛥𝛥𝑐𝑐𝑆𝑆𝛥𝛥𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑 = (𝐴𝐴𝑔𝑔𝐶𝐶𝑖𝑖 × 𝑣𝑣𝑔𝑔𝑟𝑟𝑟𝑟𝑔𝑔𝑚𝑚𝑐𝑐𝑚𝑚𝑓𝑓 + 𝐴𝐴𝑟𝑟𝑟𝑟𝐶𝐶𝑚𝑚𝑔𝑔 × (𝑣𝑣𝑚𝑚𝑚𝑚𝑟𝑟𝑐𝑐𝑟𝑟𝑚𝑚𝑟𝑟𝑔𝑔 + 𝑣𝑣ℎ𝐶𝐶𝑟𝑟𝑚𝑚𝑧𝑧𝐶𝐶𝑚𝑚𝑔𝑔𝑚𝑚𝑓𝑓)) × 𝛥𝛥𝑆𝑆 


The vertical cloud speed may correspond to a cloud that is either ascending or 
descending. For aircraft for which no PAVM applies, all fragments above one gram 
should be considered hazardous to the entire aircraft. PAVM modeling was not done for 
masses over 300 grams since the analysis becomes very complicated due to multiple 
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aircraft components that can be damaged during the same event. Instead, the analysis 
should assume that any impact by a fragment with a mass over 300 grams is casualty 
producing. 


12.8.5 Below 300 grams, PAVM models have been developed for several aircraft types. 
Figure 11 of this AC, presents curves of 𝛥𝛥𝑐𝑐𝑆𝑆𝐴𝐴𝑖𝑖𝑟𝑟𝐶𝐶𝑗𝑗𝑟𝑟𝑐𝑐𝑔𝑔𝑟𝑟𝑑𝑑 for three classes of aircraft. 
These curves assume terminal velocity for the hazardous debris cloud fragments 
moving only in a vertical direction and aircraft flying only in the horizontal direction. 
For all other aircraft, all debris larger than one gram should be considered catastrophic. 
The reference [22] of paragraph 3.4 of this AC provides additional details on the proper 
use of these aircraft vulnerability models. 


Figure 11 – Sample Aircraft Vulnerable Projected Areas 


12.9 Explosive Hazardous Debris. 
In accordance with § 450.135(b)(1), consequences must be evaluated for all types of 
hazardous debris. This section discusses the hazard cases where explosive hazardous 
debris consequences arise, how to model explosions for risk analysis, and provides 
guidelines for evaluating such consequences. 


• Explosive risk must be computed for unsheltered people, people in buildings, and 
people on or below deck on waterborne vessels. Explosive impacts on aircraft may 
be ignored, although treating the propellants as inert must be evaluated. 


• Impacting SRMs, liquid fueled rockets, intact tanks, and major segments of SRMs 
should be evaluated to determine whether they are expected to explode on impact. 
The explosion will cause a blast overpressure wave that may reach several thousand 
feet for large propellant weights. A general discussion of yield models exists in 
AC 450.137-1, Distant Focusing Overpressure (DFO) Risk Analysis. 
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12.10 Yield Models. 


12.10.1 Characterizing the hazard from a blast wave that results from the impact of an explosive 
propellant fragment, requires the TNT equivalent yield of the explosive. Yield Y is the 
TNT equivalency of an explosive propellant weight w. 


12.10.2 These parameters are related through a “TNT equivalency factor” 𝑌𝑌 = 𝐹𝐹𝑇𝑇𝑁𝑁𝑇𝑇𝑤𝑤. 
In general, the factor FTNT may depend on propellant type, the type of surface that the 
propellant strikes, and the impact speed. 


12.10.3 An accurate means to evaluate the consequences of an overpressure wave on people is 
to compute the peak overpressure 𝑃𝑃(𝑑𝑑) and impulse 𝐼𝐼(𝑑𝑑) of the blast overpressure wave 
at a distance d from the impact point. 


12.10.4 To convert yield into these parameters, it is convenient to use the scaled distance 
𝑑𝑑𝑠𝑠𝑐𝑐𝑚𝑚𝑓𝑓𝑟𝑟𝑑𝑑 = 𝑑𝑑/𝑌𝑌1/3 . 


12.10.5 The peak overpressure as a function of scaled distance may be obtained from Figure 12, 
and impulse as a function of scaled distance, in units of ft/lb1/3, may be obtained from 
Figure 13 of this AC. The reference listed as [14] of paragraph 3.4 of this AC provides 
further information. 


12.10.6 These curves have been in use for decades by the Federal Ranges. A publication search 
may uncover various versions of updated curves that have been published since then, 
and with proper justification can be used as replacements to gain more accuracy. 
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Figure 12 – Peak Overpressure vs. Scaled Distance from Blast Waves 
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Figure 13 – Impulse vs. Scaled Distance from Blast Waves 


12.11 Liquid Propellant Yield. 
Yield curves have been generated for several types of liquid propellants. For other 
propellants, the applicant should develop a model in compliance with § 450.101(g). 
These are shown in Figure 14 of this AC, where values of FTNT are shown on the 
vertical scale. These curves are to be applied regardless of surface type. 


Note: The impact weight of the liquid tank should account for operator intentional 
venting of fuel that may have occurred during the failure event. Liquid propellant 
has two components, fuel (e.g. liquid hydrogen, kerosene, Aerozine 50, or liquid 
methane), and oxidizer, (e.g. liquid oxygen or nitrogen tetroxide). During venting, a 
propellant tank is given a crack on its side allowing the fuel to leak, that usually 
starts from the time of failure. By design, the venting process does not change the 
oxidizer weight. On impact, yield should be computed by assuming that the ratio of 
fuel to oxidizer, 𝑅𝑅 = 𝑤𝑤𝐶𝐶𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑧𝑧𝑟𝑟𝑟𝑟/𝑤𝑤𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓, is such that both components mix completely 
to creation an explosion. The effective propellant weight that gets converted into 
yield is only dependent on the remaining fuel: 𝑤𝑤 = 𝑤𝑤𝑟𝑟𝑠𝑠𝑟𝑟𝑓𝑓(1 + 𝑅𝑅). 
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Figure 14 – Yield Curves for Liquid Propellants on Hard Surfaces 


12.12 Solid Propellant Yield. 
Solid propellants relevant for flight safety analysis are typically represented in one of 
two categories: Hazard Division (HD) 1.1 detonable propellants, or HD 1.3 deflagration 
propellants. For other types of solid propellant, a conservative option is to apply the HD 
1.1 model. The yield factors for solid propellant should account for the size and shape 
of the propellant, type of impact surface, total impact speed, and orientation at impact if 
applicable. 


12.12.1 Uncontained propellant hazardous debris created during vehicle breakup should account 
for any loss of weight and change of shape during the ballistic fall due to burning. A 
determination should be made if the propellant is burning once ballistic fall commences, 
and if it snuffs out prior to impact. Snuff-out models depend on the propellant type and 
consider local air density and fragment speed. Fragments that are not initially burning 
may be assumed to remain non-burning during free-fall. The fragment weight and 
ballistic coefficient should be updated as burning occurs, and the ballistic trajectory 
should be based on the evolving weight and ballistic coefficient values. 


12.12.2 For HD 1.1 impacts, yield factor FTNT values for various surface types can be read from 
Figure 15. This plot indicates that the factor will either be 0 or 1.25. These curves make 
no distinction of whether the propellant is in a contained motor, its impact orientation, 
or uncontained hazardous debris created at vehicle breakup. 
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Figure 15 – HD 1.1 Propellant Yield Model 


12.12.3 For HD 1.3 propellant impacts, the appropriate yield model should account for the form 
of the solid propellant fragment. Three types of solid propellant fragments should be 
considered: contained motors, small uncontained chunks of hazardous debris created at 
vehicle breakup, or large uncontained pieces created at vehicle breakup that are shaped 
as a Cylindrical Annulus Sector (CAS). 


12.12.4 Yield factors for intact motor segments that impact on sand in a side-on orientation may 
be obtained from the curves in Figure 16, where the segment sizes are measured by the 
lateral diameter of the motors. If the yield factor associated with the desired motors is 
not those presented in the figure or are not available, then the curves in Figure 16 can 
still be used. For other motor diameters between 41” and 146”, linearly interpolate 
between the nearest bounding curves. For diameters outside the range, use the closest 
bounding curve and do not extrapolate. For surface types other than sand or soft soil 
impact, adjust the impact speed by: 


𝑣𝑣𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑣𝑣 = 
𝐹𝐹𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 


where 𝐹𝐹𝑠𝑠𝑠𝑠𝑟𝑟𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 is 0.55 for steel, 0.78 for concrete, 1.00 for sand, and 1.61 for water. 


12.12.5 Finally, for all intact motor orientations other than side-on, the conservative approach is 
to employ the side-on curves. 
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Figure 16 – Yield Curves for Motor Segment Side-On Impacts on Sand 


12.12.6 Propellant chunks may be modeled as cubed shaped. To get yield factors, Figure 17 of 
this AC can be used where the cube size is measured by the length of any of its edges. 
For other cube dimensions between 18” and 30”, linearly interpolate between the 
nearest bounding curves. For dimensions less than 18”, linearly interpolate using the 
18” curve and zero values. Use the 30” curve for dimensions larger than 30” and do not 
extrapolate. For other surface types, apply the same impact speed correction as with the 
intact motors. 
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Figure 17 – Yield Curves for Cube Chunks Impacting on Sand 
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12.12.7 The third shape case is impacts for uncontained propellant cylindrical annulus sectors. 
Apply the yield factors in Figure 18 for a CAS that subtend an angle of 120 degrees, 
and whose length is a half that of the origination motor. This means that the total 
propellant inside a motor will be modeled as six such CAS fragments. The diameters 
referenced in the figure’s legend are those of the originating motor. For other surfaces 
and diameters, apply the same rules as given for the intact motor. For smaller lengths 
and subtended angles, but still forming a CAS, a conservative approach is to use the 
curves in Figure 18. For larger lengths and angles, the conservative approach is to use 
the intact motor yield factor curves, although the creation of such dimensions is 
unlikely. 
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Figure 18 – Yield Curves for 120ᵒ CAS Side-On Impacts on Sand 


12.12.7.1 The curves in Figure 17 and Figure 18 are given in tabular form in 
AC 450.137-1, Distant Focusing Overpressure Risk Analysis. 


12.13 Sympathetic Yields. 
Several situations should be considered when multiple motors and/or engines impact 
near one another during the same event. The first is when the motors or engines have 
different propellant compositions. For that case, the yields should be computed 
separately, and never as a single yield with a combined impact weight. 


12.13.1 A second situation is when one motor or engine explodes on impact but at least one 
other motor or engine, of the same propellant composition, remains intact. If the intact 
motor or engine then explodes due to being struck by induced ejected hazardous debris 
from the exploding motor or engine, then the yield from the initially intact motor or 
engine should be computed separately from the others. 


12.13.2 A third situation is when motors or engines of the same propellant composition explode 
near each other. The first motor or engine that explodes may cause a sympathetic 
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reaction of the second motor or engine, due to the shock wave, leading to its detonation 
at the same time. A single yield can be computed using a combined propellant weight if 
the shock wave pressure distance between the motors or engines is small enough. An 
evaluation should be done, based on distance between the motors or engines and 
structural properties of the second motor or engine, to determine if the blast wave 
overpressure on the second motor or engine exceeds its threshold for detonation. If 
insufficient information exists for such an evaluation, then a conservative approach is to 
combine the propellant weights and use this as a single yield. 


12.14 Impacting Propellants for Unsheltered People. 
Two types of events should be considered for impacting propellants to evaluate 
consequences for people that are not sheltered by a structure. First, a liquid tank on 
impact may explode and create a fireball. Second, on impact a solid propellant impact 
may create a blast overpressure wave. 


12.14.1 Fireball. 
When liquid tanks impact, they may create a fireball if they have sufficient fuel and 
impact speed. A fireball hazard should be represented as a probability of casualty versus 
distance curve, 𝑃𝑃𝐶𝐶(𝑑𝑑). On impact, the liquid propellant will be consumed very rapidly, 
usually in at most, a few seconds. This results in a fireball that grows to a maximum 
radius 𝑒𝑒𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟𝑠𝑠𝑚𝑚𝑓𝑓𝑓𝑓 that is a well-defined border about an opaque region. 


12.14.2 The maximum radius of the fireball depends on the type of liquid propellant. The 
following expressions may be used where the radii are given in feet, and W is the 
impact liquid propellant weight in pounds: 


𝑒𝑒𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟𝑠𝑠𝑚𝑚𝑓𝑓𝑓𝑓 = 5.02𝑊𝑊0.316 𝐿𝐿𝐿𝐿𝐿𝐿/𝑅𝑅𝑃𝑃 − 1 𝑒𝑒𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟𝑠𝑠𝑚𝑚𝑓𝑓𝑓𝑓 
= 5.52𝑊𝑊0.306 𝐿𝐿𝐿𝐿𝐿𝐿/𝐿𝐿𝐻𝐻 − 2 𝑒𝑒𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟𝑠𝑠𝑚𝑚𝑓𝑓𝑓𝑓 
= 4.43𝑊𝑊0.316 𝐻𝐻𝑦𝑦𝑑𝑑𝑒𝑒𝑆𝑆𝑧𝑧𝑖𝑖𝐾𝐾𝑅𝑅 


12.14.3 For all liquid types that do appear in this list, a conservative model to use is the 
LOX/LH-2. If a person is inside the maximum fireball radius, then the person is 
considered a casualty. Outside, the probability of casualty is partly due to second degree 
burns, and diminishes by distance based on the fireball duration and emissivity of the 
fireball. When a person experiences 2nd degree burns over 20 percent of their body, the 
person is considered to be a casualty. The probability of casualty from the fireball will 
need to be combined with that from the blast wave created from the explosion 
(discussed in the next subparagraph). 


12.15 Blast Wave Overpressure. 
The threat from a blast wave should be represented as a probability of casualty versus 
distance curve, 𝑃𝑃𝐶𝐶(𝑑𝑑). The blast wave should be treated equally in all directions, since 
there is no preferred direction, and can be quantified by peak overpressure and impulse 
as a function of distance. The probabilities of casualty and impact are correlated. The 
impact space can be divided into cells such that the probability of impact within each 
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cell is close to uniform. The net probability of consequence for a given population 
center is the sum of 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 × 𝑃𝑃𝐶𝐶(𝑑𝑑𝑚𝑚) 
𝑚𝑚=0 


12.15.1 The sum should include all cells with 𝑃𝑃𝐶𝐶(𝑑𝑑) above 1x10-6 . 


12.15.2 The blast wave injury to people is dominated by the effect on four body parts: the lungs, 
gastrointestinal (GI) tract, larynx, and eardrum. Figure 19 presents probability of 
casualty curves for these body parts. The curves associated with the 50 percent casualty 
thresholds should be used to create the corresponding PC curves for a given impact 
event. A person may suffer one or more of the injuries. The following expression should 
be employed to obtain the total probability from all sources at a given distance “d”: 


𝑃𝑃𝐶𝐶(𝑑𝑑) = 1 − �1 − 𝑒𝑒𝑟𝑟𝑚𝑚𝑟𝑟𝑑𝑑𝑟𝑟𝑠𝑠𝑚𝑚(𝑑𝑑)� �1 − 𝑒𝑒𝑓𝑓𝑚𝑚𝑟𝑟𝑔𝑔𝑚𝑚𝑚𝑚(𝑑𝑑)� �1 − 𝑒𝑒𝐺𝐺𝐺𝐺 𝑇𝑇𝑟𝑟𝑚𝑚𝑐𝑐𝑔𝑔(𝑑𝑑)� �1 − 𝑒𝑒𝑓𝑓𝑠𝑠𝑚𝑚𝑓𝑓𝑠𝑠(𝑑𝑑)� 


12.15.3 For liquid tank impacts, use a probability of one inside the fireball radius and the blast 
wave probability outside the fireball radius. 


Figure 19 – Probability of Serious Injury to a Lung 
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Figure 20 – Probability of Serious GI Tract Injury 


Figure 21 – Probability of Serious Larynx Injury 


86 







   
   


 


 
    


  
 


  
    


    
   
    
 


 
   


  
  


   
   


   
   


  
    


  
  


 


 


·c:::; 
Q.. 
'--' 
ID 


Ear-drum Rupture 
10~---.-.-.. -.-.-. . ~.-.-. . -.-.. -.-- --~--~--.-.. ~.-.. - .-. -. . -.-.-.. ~.-.-. . -.-.. -.~--. . . . . .... . ... .. . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


- 1% 
- 10% 
- 50% 


10..l: - 90% . . . . ... . . . ... . . . . . . . . . . . ....... 
• • • '• '•' • • ' '• • ' ••I • ' • ' • • • • '• • • • ' - 99% . . . .. .... ......... .. .... .. . . .. . . -~---~ 


~ 101 
v) 
ID 


·.-':':':':':' :':':':':' :'. -':':':'.-·"!..~:':':':':':':':'.-'.:':' :':':' :':' :':'. 
.... 
Q.. .... 
ID 
> 
0 


...... . . . . . - . - .. . ........... . 
. . . . . . . . . . . . . . . . . . . .. . . . . ... . .. . . . . . . .. . . . .. . . . . 


1 o-i- :·: ·: ·:·: ·:·:·: ·: ·: ·: ·:·:·;·: ·:·:·:·:·,·.-· :·:·: ·:·:·: ·: ·: ·: ·: ·:·: ·: ·:·:·:·:·:·:-·: ·: ·: ·: · :·:·:·:·: . '.'.' . . . . '.' ..... '•. • .. .. '.'.' . ' '.'.' ...... .. .... . . ' . ... . . ... . .. . . ' . ' . . ' . ' . ' . . .. . . '.' . . . .. . ' . . .. '. ' 
' ... . . ' . . . . ' . ' .'. ' . ' ' . ' .' . . . . . .. . . . . . '. ' . ' . . ' . ' .' 
• • • ' • • • ' • • ' • ' • '•'• •I• '•'•••••' • • • • '•' • , :, ' • '' • • • ' • 


. ' .' . . .. . . '. ' ..... ' ... . . . . '. ' .' . ' .. '. ' .. .. .. ... ... . 


10·1 .__ __ ~ ___ _.__ __ ~~-----'------' 
10-.2 1 ooi- 102 


Impulse (psi .msec) 


08/02/2024 AC 450.115-1B 


Figure 22 – Probability of Serious Eardrum Rupture 


12.16 People in Structures. 
Three propellant fragment impact event scenarios should be considered for evaluating 
the potential for injuring people in structures. The first scenario is a liquid or solid 
propellant tank, or solid propellant fragment that impacts the roof of a building leading 
to its collapse. The second scenario is a burning piece of solid propellant fragment that 
penetrates the roof without exploding and creates a fire on the floor below. The third 
scenario is a liquid or solid propellant tank, or solid propellant fragment that impacts 
away from a building’s roof and creates a blast overpressure wave that damages the 
wall and windows. 


12.16.1 Roof Impact. 
The hazard from a liquid or solid propellant tank, or solid propellant fragment, 
impacting on a roof should be represented as an effective casualty area for people on the 
floor below. The probability of casualty is 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 𝐶𝐶𝐴𝐴/𝐴𝐴𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟. The probability of 
impact is computed separately and evaluated over the area of the building roof 𝐴𝐴𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟. 
The effective casualty area depends on the type of roof and its size. General roof types 
that should be represented are wood, steel, and concrete. Table 6 of this AC presented a 
survey of buildings that fall into four general classes, A to D. The A Class is for lighter 
roofs of more temporary structures. The categories progress to the least vulnerable D 
Class - roofs of robust commercial structures. This simplified model does not address 
hazardous debris impacts on blockhouse-type structures. 
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12.16.1.1 A Monte Carlo simulation may be performed to sample impact roof 
locations, and account made if any joists or beams are at, near, or away 
from the impact points. Effective casualty area related curves as a function 
of yield, for these general roof types for a range of roof sizes, are shown in 
Figure 23, Figure 24, and Figure 25. Roof areas are in units of square feet, 
and the vertical axis is the ratio of the effective casualty area to the 
modeled roof area. Wood roof curves are a conservative selection for 
applying to roof types other than those shown. For a roof area less than 
960 ft2 the far-left curve should be used, and for areas larger than 
86,640 ft2 the far-right curve. 


Figure 23 – Wood Roof Effective Casualty Area Ratio as a Function of Roof Area and 
Yield 
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Figure 24 – Steel Roof Effective Casualty Area Ratio as a Function of Roof Area and Yield 


Figure 25 – Reinforced Concrete Roof Effective Casualty Area Ratio as a Function of Roof 
Area and Yield 
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12.17 Floor Fire. 
The following discussion presents the process for computing the effective casualty area 
for a fire resulting from a solid propellant fragment penetrating the roof and burning 
after impacting the floor. The probability of casualty is 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 = 𝐶𝐶𝐴𝐴𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟/𝐴𝐴𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟, and 
the probability of impact is computed separately and evaluated over the building roof 
area 𝐴𝐴𝑟𝑟𝐶𝐶𝐶𝐶𝑟𝑟. 


12.17.1 The flame from a stationary piece of burning propellant can be modeled in the shape of 
a cylinder whose base is the cross-section area of the solid propellant chunk, i.e. the fire 
area, and whose length is the flame height. The reference listed in [12] of paragraph 3.4 
of this AC provides further information. The flame over the burning propellant chunk 
forms a cylinder whose radius is that of the fragment, 𝑒𝑒𝑟𝑟 . 


12.17.2 For an HD 1.3 propellant type, the flame height in feet is computed by: 


0.4̇=𝐻𝐻𝑟𝑟𝑓𝑓𝑚𝑚𝑚𝑚𝑟𝑟 0.77𝑄𝑄𝑐𝑐𝐶𝐶𝑚𝑚𝑑𝑑𝑠𝑠𝑐𝑐𝑔𝑔𝑚𝑚𝑔𝑔𝑟𝑟 − 2.04𝑒𝑒𝑟𝑟 


where 𝑒𝑒𝑟𝑟 is in feet, and the 𝑄̇𝑄𝑐𝑐𝐶𝐶𝑚𝑚𝑑𝑑𝑠𝑠𝑐𝑐𝑔𝑔𝑚𝑚𝑔𝑔𝑟𝑟 is the conductive heat flow rate away from the 
burning chunk. 


12.17.3 The expression for computing the rate is: 


𝑄̇𝑄 = 𝑚̇𝑚 4467𝐴𝐴𝑟𝑟 (1 − 𝑅𝑅−5.4𝑟𝑟𝑓𝑓 )𝑐𝑐𝐶𝐶𝑚𝑚𝑑𝑑𝑠𝑠𝑐𝑐𝑔𝑔𝑚𝑚𝑔𝑔𝑟𝑟 


where 𝑚̇𝑚 is the rate at which the mass of propellant burns in lbs/s, and 𝐴𝐴𝑟𝑟 is the area of 
the propellant in ft2. 


12.17.4 When a person experiences 2nd degree burns over 20 percent of their body, the person 
is considered to be a casualty. The conduction heat rate can be used to determine when 
a 50 percent probability of 2nd degree burn occurs. The reference for this information is 
[22] of paragraph 3.4 of this AC. 


1
𝑃𝑃50% = �1 + 𝑅𝑅𝑒𝑒𝑒𝑒 �−34.04 + 2.13 𝑆𝑆𝐾𝐾�𝑆𝑆 × 𝑞𝑞4/3��� 


2 
where t is time elapsed until depletion of propellant mass. 


12.17.5 The quantity 𝑆𝑆 ∗ 𝑞𝑞4/3 is referred to as the “heat load.” The heat flux q is in units of 
W/m2 and computed by: 


𝑞𝑞4/3 = 𝑆𝑆−3/8 × �5.38 × 10−0,005𝑟𝑟𝑓𝑓 


12.17.6 Representative curves of floor fire effective casualty areas for 2nd degree burns as a 
function of heat load are given in Figure 26. The room is modeled as circular and the 
only room in the building. A conservative assumption was made that the people are 
trapped and cannot escape to another room or outside the building. The curves depend 
on the ratio of the flame height over diameter of the fire area, H/D. 
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Figure 26 – Normalized Casualty Areas vs. Heat Load 


12.18 Blast Wave Overpressure. 
The hazard from blast waves from propellant explosions, for impacts away from 
buildings and not on the roof, should be represented as curves of probability of casualty 
versus distance from the impact propellant impact point to the building’s wall. The 
probabilities of casualty and impact are correlated. The impact space can be divided into 
cells such that the probability of impact within each cell is close to uniform. The net 
probability of consequence for a given population center is the sum of 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 × 𝑃𝑃𝐶𝐶(𝑑𝑑𝑚𝑚) 
𝑚𝑚=0 


12.18.1 The sum should include all cells with 𝑃𝑃𝐶𝐶(𝑑𝑑) above 1x10-6 . 


12.18.2 The blast wave strikes the side of the building and both the breakup of the walls and 
windows should be evaluated for injury to people inside the building. The reaction of 
the building should consider both the peak overpressure and impulse of the blast wave. 
Walls of buildings will be subjected to different blast loading depending on the 
orientation of the building to the blast wave. To be conservative, shards produced by 
window damage should be modeled as entering the room without obstruction by drapes 
or other obstacles. The injury from both the wall and windows can occur together. At 
any given impact distance, the total probability of casualty of a person inside the 
building is given by 


𝑃𝑃𝐶𝐶(𝑑𝑑) = 𝑃𝑃𝑤𝑤𝑚𝑚𝑓𝑓𝑓𝑓(𝑑𝑑) + 𝑃𝑃𝑤𝑤𝑚𝑚𝑚𝑚𝑑𝑑𝐶𝐶𝑤𝑤(𝑑𝑑) − 𝑃𝑃𝑤𝑤𝑚𝑚𝑓𝑓𝑓𝑓(𝑑𝑑)𝑃𝑃𝑤𝑤𝑚𝑚𝑚𝑚𝑑𝑑𝐶𝐶𝑤𝑤(𝑑𝑑) 


12.18.3 Since analyzing every individual type of building is impractical, a small set of 
representative buildings may be evaluated instead. This requires defining classes of wall 
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and window types. Table 6 of this AC contains a list of general building categories and 
their construction materials that may need to be evaluated. General wall types that 
should be represented are wood, metal, masonry, and concrete. 


12.18.4 The degree of injury to people inside a building depends on the wall’s level of 
resistance to the blast wave, the size of the floor plan of the building, and the 
characteristics of the hazardous debris that is generated when the wall is damaged. 
There are too many variables here to provide a suggestion for a conservative choice of 
what probability of casualty curves to apply for a building not accounted for by curves 
that are already on hand. Figure 24 of this AC presents an example of a series of curves 
that range in probability of casualty from 0.1 percent to 100 percent for a small wood 
structure that is common among houses. Similar curves may need to be created to 
describe other building types since those in Figure 27 of this AC are not necessarily the 
most conservative that such curves can be. 


12.18.5 The red arcs that move from the lower left-hand side to the upper right-hand side 
correspond to specific impact yields and trace out the peak overpressure and impulse 
values as a function of the distance of the impact point to the wall of the structure. 


Figure 27 – Probability of Casualty for a Small Wood Structure, ~2500 ft2 


12.18.6 For computing probability of casualty from window breakage, the rows of Table 7 
present a survey of window types that the buildings are likely to have. Annealed 
windows are the most sensitive to blast waves while tempered windows are the 
strongest. Thus, it is conservative to treat all windows as annealed if more appropriate 
results are not available. 
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Table 7 – Generic Window Types 


12.18.7 An example of the probability of casualty curves for a large annealed window is shown 
in Figure 28. As with the wall curves, these are curves that are not the most 
conservative, and so other curves may need to be generated for the other window types. 


Figure 28 – Large Annealed Windows (~5’H x 6’W x 0.232”T), GAR = 14.5 percent 
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12.18.8 The acronym GAR stands for Glass-to-Area ratio, which is defined as area of the glass 
in the window to the floor area: 𝐺𝐺𝐴𝐴𝑅𝑅 = 𝐴𝐴𝑓𝑓𝑓𝑓𝑚𝑚𝑠𝑠𝑠𝑠/𝐴𝐴𝑟𝑟𝑓𝑓𝐶𝐶𝐶𝐶𝑟𝑟. The curves are shown for a 
𝐺𝐺𝐴𝐴𝑅𝑅 = 14.5%. For buildings with other GAR values, the probabilities from the curves 
can be rescaled through the general expression: 


𝐺𝐺𝐺𝐺𝐺𝐺𝑏𝑏𝑏𝑏𝑡𝑡𝑐𝑐𝑏𝑏𝑡𝑡𝑏𝑏𝑏𝑏 𝑤𝑤𝑚𝑚𝑚𝑚𝑑𝑑𝐶𝐶𝑤𝑤(𝑑𝑑).𝑃𝑃𝑤𝑤𝑚𝑚𝑚𝑚𝑑𝑑𝐶𝐶𝑤𝑤(𝑑𝑑) = 
𝐺𝐺𝐺𝐺𝐺𝐺𝑏𝑏𝑐𝑐𝑏𝑏𝑐𝑐𝑔𝑔𝑡𝑡𝑐𝑐 𝑒𝑒𝑓𝑓𝑟𝑟𝑚𝑚𝑟𝑟𝑟𝑟𝑚𝑚𝑐𝑐 


12.18.9 Note that the horizontal overpressure axis does not extend far enough to the right to 
reach large probability of casualty values. However, it is not necessary to plot out any 
farther since the wall probabilities have reached a value of one and the contribution 
from windows is no longer relevant. 


12.19 People in Waterborne Vessels (Ships). 
The casualty area and consequence analysis must account for the vulnerability of people 
to debris impact or effects, including effects of waterborne vessel upon the vulnerability 
of any occupants, in accordance with § 450.135(b)(4)(i). The total effective casualty 
area should be the sum of two sources. Further information on this topic can be found in 
the reference in [22] of paragraph 3.4 of this AC. 


𝐶𝐶𝐴𝐴 = 𝐶𝐶𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 + 𝐶𝐶𝐴𝐴𝑤𝑤𝑚𝑚𝑔𝑔𝑟𝑟𝑟𝑟 


12.19.1 The first contribution corresponds to the relative area on the ship deck where people are 
seriously injured from an explosion of a propellant that impacts the ship. The second 
contribution is the area around the ship for propellant explosions in water impacts that 
lead to casualties on the ship. Both casualties refer to the same people on the ship, but to 
different impact locations of the propellant. 


12.19.2 The probability of consequence is given by the sum 
𝑠𝑠ℎ𝑚𝑚𝑖𝑖+𝑤𝑤𝑚𝑚𝑔𝑔𝑟𝑟𝑟𝑟 𝐶𝐶𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 + 𝐶𝐶𝐴𝐴𝑤𝑤𝑚𝑚𝑔𝑔𝑟𝑟𝑟𝑟 =𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 𝑒𝑒𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 


which assumes that the ship sizes are much smaller than propellant impact dispersions. 
For ship impacts, the effective casualty area should be evaluated separately for people 
on the deck and those below deck. The effective casualty area for water impacts does 
not require such a distinction. 


12.19.3 The effective casualty area for water impacts depends on how close the propellant 
explodes from the ship. Table 8 of this AC provides the maximum distance 𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 


from the ship, as a function of ship length, that the propellant can impact and cause 
casualty. The yield values to apply for using the table should be computed for water 
surface impacts, and with side-on orientation for SRM segments and CAS. 
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Table 8 – Water Impact Distances That Lead to Casualty 


Ship Length (ft) Minimum Yield 
(lbs-TNT) Casualty distance (ft) 


< 25 


0.01 37.5 𝑌𝑌0.333 25-50 


50-100 


100-200 
3.0 20 𝑌𝑌0.375 


200-295 


> 295 10.0 7 𝑌𝑌0.44 


12.19.4 Modeling ships as a rectangle, of length L and width W, the water effective casualty 
2area is given by 𝐶𝐶𝐴𝐴𝑤𝑤𝑚𝑚𝑔𝑔𝑟𝑟𝑟𝑟 = 𝜋𝜋𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 + 2𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔(𝐿𝐿 + 𝑊𝑊) 


which cover all locations where the edge of the blast overpressure wave can just reach 
the ship and cause serious injury. 


12.19.5 For ship impacts and people below deck, Table 9 of this AC may be used to get the 
effective casualty area 𝐶𝐶𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖. The yield values to apply in the table should be 
computed for steel surface impacts, and with side-on orientation for SRM segments and 
CAS. 


Table 9 – Ship Explosive Effective Casualty Areas for People Below Deck 


Length (ft) Yield (lbs-TNT) Sheltered Effective Casualty Area (ft2) 


< 100 < 0.03 0 


< 100 0.03 to 0.1 10 𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 𝑌𝑌 


< 100 > 0.1 𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 


>= 100 < 0.05 0 


>= 100 0.05 to 0.5 80 𝑌𝑌 


>= 100 0.5 to 1.0 [80 𝑌𝑌, 2𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖(𝑌𝑌 − 0.5)] 


>= 100 > 1.0 𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 
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12.19.6 For ship impacts and people on deck, the blast overpressure wave profile should be 
applied. This profile may be reduced to an effective casualty given by the following 
equation, which is a sum over ring areas by the probability of casualty within the 
corresponding ring. 


𝑁𝑁𝑔𝑔𝑡𝑡𝑏𝑏𝑏𝑏𝑐𝑐 


2 2𝐶𝐶𝐴𝐴𝑠𝑠ℎ𝑚𝑚𝑖𝑖 = 𝜋𝜋 � �𝑒𝑒𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓(𝑑𝑑𝑚𝑚) − 𝑒𝑒𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓(𝑑𝑑𝑚𝑚−1)� × 𝑃𝑃𝐶𝐶(𝑑𝑑𝑚𝑚) 
𝑚𝑚=1 


12.20 Toxic Emitters. 


12.20.1 An open-air solid propellant fragment burns with hazardous combustion products, while 
a liquid or hypergolic tank may explode or break open and leak toxic chemicals. In the 
liquid case, the exposed liquids will evaporate, and in either case, the gases will form a 
toxic cloud plume that is directed away from the impact point by the wind. High wind 
speeds create narrow plumes, while weak winds produce a wider cloud. Anyone who is 
exposed to the toxic cloud within a threshold distance from the spill, and the cloud’s 
lateral span that is a function of distance, should be considered a casualty. A toxic 
release hazard analysis must be performed in accordance with § 450.139(c). This 
distance is based on the burn-time of the solid propellant fragment, evaporation rate of 
the liquid, time since the spill occurred, chemical type, and exposure time to the person. 
The threshold distance for people in buildings is less than for people in the open. People 
in buildings are not exposed to the same toxic level from the plume, compared to a 
person standing outside, because a smaller amount will seep in over the same period. 


12.20.2 The probabilities of casualty for a population center and propellant impact are 
correlated. The impact space should be divided into cells such that the probability of 
impact within each cell is close to uniform. The net probability of casualty for a given 
site is the sum: 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 (𝑃𝑃𝐶𝐶 = 1)𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 


𝑚𝑚=0 


which applied the fact that the probability of casualty (PC) is either 1 or 0. The notation 
"𝑃𝑃𝐶𝐶 = 1" indicates to only consider impact points whose plume reaches a population 
center. 


12.20.3 A high-level discussion of the hazards from toxic clouds is given in Chapter 5 of 
reference [1] of paragraph 3.4 of this AC. The references at the end of that chapter can 
assist in determining the length and width of the plume. Other details that involve the 
nature of toxic chemicals are in AC 450.139-1, Toxic Hazards Analysis and Thresholds. 


12.21 Secondary Hazardous Debris Fragments. 
Secondary hazardous debris fragments are created when hazardous debris impacts the 
ground and then breaks into a set of smaller inert fragments. These situations must be 
considered when they pose a hazard to people or assets for splatter scenarios in 
accordance with § 450.135(b)(1). The secondary fragments may increase the hazardous 


96 







    
   


 


    
  


  
  
 


  
   


  
  


  
  


 


    
 


  
  


  
  


   
  


   
   


   
 


 


   
  


 
   


 
   
   


   


     
 


  
 


 
   


 


 


 


     


 


08/02/2024 AC 450.115-1B 


area beyond that of the direct impact of the intact body or fragment, resulting in impact 
to more people. They may also increase the risks within the overlapping areas from 
direct impact and secondary hazardous debris. Examples of secondary fragments that 
should be considered include impacting (1) intact vehicles, (2) contained propellant 
tanks, and (3) inert fragments. 


12.22 Intact Impact Vehicle. 
Impact of an intact vehicle will cause a secondary-fragments field that is generally 
scattered in the direction of the impact velocity vector. Without obstructions, such as 
trees or hills, the scatter secondary-fragments field will fan out from the impact point. 
The length, width, and shape of the secondary-fragments field, and subsequent 
hazardous debris fragment list, depend on the impact angle, speed, and construction of 
the vehicle. 


12.22.1 A basis for a list of secondary fragments should be evaluating similar events. There are 
few historical cases for launch or ballistic vehicles, which limits the sources that may be 
useful to other vehicles. Although not as directly applicable, there have been dozens of 
airplane crashes that produced secondary-hazardous debris scatter. Since creation of a 
proper secondary-fragments list from these cases is problematic, an acceptable 
alternative is to try to map out the hazardous scatter field and set probability of casualty 
as either 1 or 0. These selections should account for whether people are in the open or 
the type of building in which they reside. The probabilities of casualty for a site and 
intact vehicle impact are correlated. The impact space should be divided into cells such 
that the probability of impact within each cell is close to uniform. The net probability of 
consequence for a given population center is the sum, which applied the fact that PC is 
either 1 or 0. 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 (𝑃𝑃𝐶𝐶 = 1)𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 


𝑚𝑚=0 


12.23 Intact Propellant Tank Secondary Hazardous Debris. 
When intact liquid or solid propellant tanks survive until impact, there should be an 
evaluation of the hazards due to the blast wave, from any explosion, and subsequent 
secondary fragments from breakup of the case or tanks. The imparted velocity of the 
secondary fragments should be determined by considering the impulse of the blast 
wave. Blast waves from propellant explosions are strong enough to eliminate any 
influence of the impact angle and give no preferred direction for the ejected fragments. 
Some explosions may result in secondary fragments traveling several thousand feet. 


12.23.1 The hazardous debris fragment lists from the secondary fragments are not the same as 
when vehicle breakup occurs while in flight. Properties of the fragments, such as the 
mean and distribution of sizes, weights, and areas should be constructed. The weights 
and areas are used to compute ballistic coefficients of the fragments. The mechanism of 
the propellant explosion for a surface impact has different physics than from the 
vehicle’s destruct system. At present, there are no recommended models for this 
purpose. 
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12.23.2 The risk from the secondary hazardous debris may be determined through a Monte 
Carlo analysis. The individual event scenario events select different characteristics of 
the fragments from the distributions, (i.e., speed, direction, and weight). Each event 
scenario should trace the trajectory of all ejected fragments. Atmospheric drag and wind 
can be ignored when generating these trajectories. For various distances away from the 
impact point, statistics should be kept of the probability of casualty. 


12.23.3 The consequence for a breakup of an impacting propellant tank should be represented as 
a probability of casualty versus distance curve, 𝑃𝑃𝐶𝐶(𝑑𝑑). The explosion tends to 
overwhelm the pre-impact conditions, leading to the fragments being thrown equally in 
all directions as a function of distance. The probabilities of casualty and impact are 
correlated. The impact space should be divided into cells such that the probability of 
impact within each cell is close to uniform. The net probability of consequence for a 
given population center is the sum of 


𝑁𝑁𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑒𝑒𝑐𝑐𝐶𝐶𝑚𝑚𝑠𝑠𝑟𝑟𝑐𝑐𝑠𝑠𝑟𝑟𝑚𝑚𝑐𝑐𝑟𝑟 = � 𝑒𝑒𝑚𝑚 × 𝑃𝑃𝐶𝐶(𝑑𝑑𝑚𝑚) 
𝑚𝑚=0 


12.23.4 The sum should include all cells with 𝑃𝑃𝐶𝐶(𝑑𝑑) above 1x10-6 . 


12.24 Inert Fragment Splatter. 
The impact kinetic energy of inert fragments with sufficient impact speed and weight, 
may have enough equivalent TNT yield to explode into a collection of shards. This 
situation may be handled through the same type of Monte Carlo analysis as with the 
propellant tank impacts. Secondary fragments from single impact inert fragment usually 
travel no more than a few tens of feet, compared to thousands of feet for the propellant 
tanks. Thus, instead of probability versus distance curves, the results of the Monte Carlo 
analysis can be reduced to small effective casualty areas about the impact point. 


13 RISK COMPUTATION. 
The objective of a launch or reentry mission risk analysis is to demonstrate that 
collective and individual risks are below acceptable levels as specified in § 450.101, not 
necessarily to quantify the precise risk levels. Such risk analyses can be conducted 
using a low fidelity analysis or using a higher fidelity analysis. A higher fidelity 
analysis will allow for greater flexibility in acceptance that the analysis results comply 
with the risk acceptance criteria. This results from the increased accuracy, and reduced 
uncertainty, of the predicted risks. 


13.1 How Risk is Expressed. 
Risk is defined in § 401.7 as a measure that accounts for the probability of occurrence 
of a hazardous event to persons or property. If there is more than one possible outcome 
of an event, the total risk associated with the event is determined as the logical sum over 
all possible outcomes of the products of the probability of each outcome and its 
associated consequence. The total risk for a launch or reentry mission is the logical sum 
of the risk over all potential hazardous events that can pose a hazard to people or 
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property. Risk can be lowered by reducing the probability of an event occurring or by 
reducing the consequences of the event. For example, planning a mission that avoids 
flight operations over populated areas can decrease or eliminate the hazard to people 
(and property) and thereby reduce the risk. The process for computing the measures of 
risk are discussed in this section. 


13.1.1 The hazardous debris risks for a mission are expressed in several forms. These are: 


• The expected average number of human casualties for a mission, often referred to as 
the casualty expectation, EC. The EC for hazardous debris is the sum of the risk over 
all potential hazardous debris generating events that can pose a hazard to people or 
property. 


• The maximum risk to an individual resulting from the launch mission, referred to as 
individual risk. This is the maximum risk over all individuals exposed to the launch 
hazardous debris hazards, and addresses the people located in all population centers 
and all vehicles. 


• The Conditional Casualty Expectation. This is defined as the expected number of 
casualties that could occur from each foreseeable failure mode (hazardous event) 
occurring in any one-second period of flight, given that the response mode has 
occurred. 


13.2 Risks to Population Centers and Protected Objects. 


13.2.1 Casualty Expectation. 
For population centers, the casualty expectation EC for a specific population center and 
hazardous debris resulting from a specific hazardous debris generating event is a 
function of the characteristics of the population center (footprint area, structural types 
and associated shelter categories and associated population) as discussed in 
AC 450.123-1, Population Exposure, the probability of impact of a fragment on a 
population center (see Chapter 10 of this AC), and the effective casualty areas or 
probabilities of casualty for each population center (see Chapter 11 of this AC). The EC 


for a fragment class is obtained by multiplying the EC per fragment by the number of 
fragments in the fragment class. The total casualty expectation for a population center 
hazarded by hazardous debris is the accumulation of these values over all fragment 
classes and all hazardous debris generating events. 


13.2.2 The basic equation for casualty expectation 𝐸𝐸𝐶𝐶𝑡𝑡𝑗𝑗𝑖𝑖 
for fragment class i, population center 


j, and the kth generating event (jettisoned hazardous debris or a given failure mode 
occurring at a given failure time), is given by 


𝑓𝑓=𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐 


𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓𝑠𝑠𝑟𝑟𝑟𝑟 𝑒𝑒𝑚𝑚𝑗𝑗 
𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 𝑁𝑁𝐹𝐹𝑡𝑡 


𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔𝑁𝑁𝑃𝑃𝑗𝑗𝑐𝑐 𝐸𝐸𝐶𝐶𝑡𝑡𝑗𝑗𝑖𝑖 
= 𝑒𝑒𝑘𝑘 𝑒𝑒𝑚𝑚𝑗𝑗𝑓𝑓 


𝑓𝑓=1 


where 𝑒𝑒𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓𝑠𝑠𝑟𝑟𝑟𝑟 is the probability of occurrence for the hazardous debris generating 
event, NF is the number of fragments in the fragment class, 𝑁𝑁𝑃𝑃 is the number of people 
in the population center, 𝑒𝑒𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 is the population center impact probability, and 
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𝑒𝑒𝑐𝑐𝑚𝑚𝑠𝑠𝑠𝑠𝑚𝑚𝑓𝑓𝑔𝑔𝑔𝑔 was discussed in Chapter 11. The total casualty expectation for a given 
= ∑ . The total casualty expectation 𝑚𝑚𝑘𝑘 population center j is the sum 𝐸𝐸𝐶𝐶𝑃𝑃𝑝𝑝𝑝𝑝 𝑗𝑗−𝑇𝑇𝑝𝑝𝑡𝑡𝑇𝑇𝑐𝑐 𝐸𝐸𝐶𝐶𝑡𝑡𝑗𝑗𝑖𝑖 


for the mission is the sum over all pop centers. 


13.3 Probability of Hazardous Debris Generating Event. 
The probabilities of occurrence, 𝑃𝑃𝐹𝐹𝑖𝑖 


, for the hazardous debris generating events are 
computed using the failure rates developed as described in AC 450.131-1, Probability 
of Failure. They include hazardous debris jettisons (for which the probability is usually 
near one), applicable failures (loss of thrust, explosion, malfunction turn) resulting from 
discrete event failures (stage ignitions, stage shutdowns), and applicable malfunction 
failures occurring at specific times during the stages of flight. The probabilities for 
discrete event response modes are equal to the failure rate times one second, since 
discrete events are assumed to occur over a one second interval. Vehicle stage failure 
response mode probabilities are computed for short time intervals of flight, with time 
intervals selected such that the risk can be computed for a given time during a time 
interval (usually the mid-point time) that is considered representative of the risk at any 
time during the interval. Time intervals need to be sufficiently short such that the 
hazardous debris footprint for a given time interval sufficiently overlaps that of its 
adjacent time intervals to represent a continuous footprint. The failure probability for a 
given stage response mode occurring during a given time interval is computed by 
integrating the failure rate for the response mode over a time interval: 


𝑔𝑔𝐵𝐵 


𝑃𝑃𝐹𝐹 = � 𝑅𝑅(𝑆𝑆) 
𝑔𝑔𝐴𝐴 


where R(t) is the response mode failure rate (probability of failure per second). 


13.4 Probability of Impact. 
The computation of the probability of impact 𝑒𝑒𝑚𝑚𝑗𝑗 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 for a given hazardous debris class 
i on a given population center j, is dependent on fragment type. Development of an 
impact probability distribution is discussed in Chapter 9. For an inert fragment 
impacting a population center, 𝑒𝑒𝑚𝑚𝑗𝑗 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 is obtained by integrating the impact probability 
distribution for the fragment class over the area of the population center. 


13.4.1 A population center is a populated place with a known location at launch time. This 
includes people in the open at a specified location, occupied buildings/structures, and 
vehicles. Vehicles could include road vehicles (cars, trucks, busses), trains, and 
waterborne vessels (aircraft are normally protected by clearing them from aircraft 
hazard corridors during a mission). Road vehicles can be accounted for by determining 
road traffic density at “population centers” placed at multiple locations along roads. 
Generally, the risks to trains, waterborne vessels, and aircraft are controlled (mitigated) 
by defining hazard areas or corridors (such as Notices to Airmen, see Chapter 14 of this 
AC) and controlling their locations during a launch such that the risks are sufficiently 
small and considered to be acceptable. 
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13.4.2 Hazard areas are designed to protect these populations. However, if a train and/or a 
waterborne vessel will be in a hazardous area, and its location(s) during the operation 
are known, risks to their occupants need to be included in the risk analysis in 
accordance with § 450.135(b)(4)(i). They should also be included during a launch 
countdown risk analysis when it is known that a train or a waterborne vessel has 
violated its hazard area, with the projected location of the train or waterborne vessel 
used to compute the risk. 


13.4.3 While it is unusual for an aircraft to be in a hazard corridor, and it is likely not possible 
to define a fixed aircraft location, it may be necessary to assess the risks to aircraft in 
accordance with § 450.133(d) traffic through a hazard corridor during a launch 
countdown. This would require a special analysis to compute the impact probability, 
which should involve the use of 4-dimensional hazardous debris distributions 
(3 dimensions in space, plus time). 


13.4.4 For an explosive fragment hazarding a population center, the probability of impact 
needs to consider that the fragment need not physically impact the center to cause 
casualties. This could also be the case for a liquid propellant tank creating a fireball, or 
secondary hazardous debris from an exploding tank or motor. An explosive fragment 
can impact the ground outside the boundaries of a population center, such that 
overpressure loading (peak overpressure and impulse) at the population center are 
sufficient to cause casualties (see paragraph 13.2 of this AC). This can occur for people 
who are unprotected (in the open) or within a structure. Thus, for explosive hazardous 
debris, the area around and including a population center should to be overlaid on a grid 
and impact probabilities computed for each grid cell. Casualty expectation 𝐸𝐸𝐶𝐶𝑡𝑡𝑗𝑗𝑖𝑖 


will 
then need to be computed for an explosive fragment impact in each of these cells (with 
the probability of impact for each cell obtained by integrating the impact probability 
distribution for the explosive fragment over the area of the cell), and the resulting 𝐸𝐸𝐶𝐶𝑡𝑡𝑗𝑗𝑖𝑖 


values for the cells summed over all cells. 


13.4.5 The concept is illustrated in Figure 29. In this figure, the area encompassing the 
population center is gridded to create “impact cells.” The grid extends out from the 
population center to include all the area within which the explosive fragment could 
impact and significantly contribute to the EC for the center. An explosive fragment is 
shown as impacting in a specific cell, with the rings denoting decreasing levels of 
overpressure loading with distance from the impacted cell centroid. EC for the 
population center is computed (using the consequence model for explosive hazardous 
debris, see paragraph 13.2 of this AC) for the impact occurring in the cell, using the cell 


𝑚𝑚𝑚𝑚𝑖𝑖𝑚𝑚𝑐𝑐𝑔𝑔 impact probability 𝑒𝑒𝑚𝑚𝑗𝑗 . This is then repeated for all impacted cells and the results 
summed to obtain the total EC for the population center. 


13.4.6 For a large population center, often referred to as a region, where there are various 
shelter levels (including people in the open) distributed over the region, a second grid 
should be defined that partitions the population center into grid cells (call this the 
population grid). The reason for this is that the overpressure loads for a given explosive 
fragment impact location can vary significantly over the population center. In this case, 
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the EC should be computed for an explosive fragment impact in each “impact cell” for 
each of the cells in the population grid, and these values summed to get the total EC for 
the impact cell. This is then repeated for all impact cells and the results summed to get 
the total EC to the population center for the explosive fragment. 


Figure 29 – Calculation of the Risk to a Population Center Due to the Impact of an 
Explosive Fragment 


13.5 Individual Risk. 
Mission individual risk is the probability of any single individual becoming a casualty, 
evaluated over all fragment classes and hazardous debris generating events. In 
accordance with §§ 450.101(a)(2) and 450.101(b)(2), the risk must meet the FAA 
individual risk criterion. For a specific population center and shelter type, to compute 
the mission individual risk, divide the mission EC by the total population: 


𝐸𝐸𝐶𝐶𝑃𝑃𝑝𝑝𝑝𝑝 𝑗𝑗−𝑇𝑇𝑝𝑝𝑡𝑡𝑇𝑇𝑐𝑐 =𝑃𝑃𝐶𝐶𝐺𝐺𝑗𝑗 𝑁𝑁𝑃𝑃𝐶𝐶𝑖𝑖𝑗𝑗 


The largest probability over all population centers and shelter types is then compared 
with the threshold values in § 450.101(a)(2) and 450.101(b)(2). 
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13.6 Conditional Casualty Expectation. 
The FAA has established consequence criteria, specified in requirements § 450.101(c), 
which state: An operator must protect against a high consequence event in uncontrolled 
areas for each phase of flight by: 
1. Using flight abort as a hazard control strategy in accordance with the requirements 


of § 450.108; 
2. Ensuring the consequence of any reasonably foreseeable failure mode, in any 


significant period of flight, is no greater than 1 × 10-3 conditional expected 
casualties; or 


3. Establishing the launch or reentry vehicle has sufficient demonstrated reliability as 
agreed to by the Administrator based on conditional expected casualty criteria 
during that phase of flight. 


13.6.1 The consequence should be measured by the casualty expectation in uncontrolled areas 
(defined in § 407.1) for any failure mode occurring during any significant period of 
flight, with an important threshold at 1 × 10-3 set in § 450.101(c)(2). 


13.6.2 Since 𝐸𝐸𝐶𝐶𝑖𝑖 
includes the probability of occurrence for hazardous debris generating events 


𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓𝑠𝑠𝑟𝑟𝑟𝑟, the 𝐸𝐸𝐶𝐶𝑖𝑖 
𝑒𝑒𝑘𝑘 are the contributions to the total mission casualty expectation 
accounting for the probability that the hazardous debris generating event has occurred. 
Thus, to obtain the casualty expectation 𝐶𝐶𝐸𝐸𝐶𝐶𝑖𝑖 


for the hazardous debris generating event 
given that the event has occurred, (i.e., is conditional on the event having occurred), the 
probability of the event 𝑒𝑒𝑘𝑘


𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓𝑠𝑠𝑟𝑟𝑟𝑟 needs to be removed as shown below: 
𝐸𝐸𝐶𝐶𝑖𝑖 𝐶𝐶𝐸𝐸𝐶𝐶𝑖𝑖 


= 
𝑒𝑒𝑘𝑘
𝑟𝑟𝑚𝑚𝑚𝑚𝑓𝑓𝑠𝑠𝑟𝑟𝑟𝑟 


13.7 Aggregate Risk. 
Accumulated risk is the combined risk to all individuals that are exposed to hazards, 
such as that due to impacting hazardous debris. It accounts for all hazardous events that 
could occur for a launch or reentry mission, including all phases of the mission. 


13.7.1 Collective risk represents the total risk to all individuals exposed to all the hazards that 
could result from a mission. It provides a measure of the risk to everyone potentially 
exposed. In the launch and reentry industry, risk is usually quantitatively expressed in 
terms of expected casualties (EC, also referred to as “casualty expectation”). EC is the 
expected average number of human casualties incurred per launch or reentry mission. 
When the human casualties contemplated are limited to just those incurred by members 
of the public, EC for a mission measures the public safety risk of conducting the 
mission. EC is usually computed separately for each of the hazards, and these are added 
to obtain a conservative estimate of total collective risk. 


103 







   
   


 


   
 


    
 


  
 


   
     


  
  


    
    


  
 


       
 


     
  


 
 


  
    


  
   


   
  


 
 


  
   
   


 
  


   
   


    
    


   
  


 
  


 08/02/2024 AC 450.115-1B 


13.7.2 In general, aggregated risk, collective and individual, must account for the three 
principle launch hazards: hazardous debris (which includes inert and explosive debris), 
far-field overpressure blast effects (which is commonly referred to as distance focusing 
overpressure (DFO)), and toxic release, in accordance with §§ 450.101(a)(1) and (a)(2). 
The total casualty expectation is generally estimated by summing the total 
(accumulated) casualty expectation from each of the hazards posed by a mission. 
Although this AC only addresses methods for computing the risk for hazardous debris, 
the total casualty expectation for the hazardous debris hazard will need to be combined 
with the values computed for DFO and toxic release to obtain the aggregate risk to be 
compared with FAA risk criteria per § 450.101(a)(1)(i). 


13.7.3 The total collective risk results for a mission should include: 
a. A list of the maximum individual probability of casualty for the top ten (10) 


population centers and all centers that exceed 10 percent of the individual risk 
criterion in accordance with § 450.135(c)(5)(iii), 


b. A list of the probability of loss of functionality of any designated critical asset 
that exceeds one percent of the criterion, and 


c. A list of the conditional expected casualty for each failure mode for each second 
of flight under representative conditions and the worst foreseeable conditions in 
accordance with § 450.135(c)(5)(iv), unless an operator demonstrates 
compliance with § 450.108(c)(6). 


13.8 Analysis. 
In accordance with § 450.135(a)(1), there are two options for an applicant, either to 
perform sufficient analyses prior to the day of the operation accounting for all 
foreseeable conditions within the flight commit criteria (an availability study), or to run 
an analysis in the countdown for the operation. Per § 450.135(c)(1), an applicant must 
submit a description of how the operator will account for the conditions immediately 
prior to enabling the flight of a launch vehicle or the reentry of a reentry vehicle, in 
particular: 
1. Final trajectory 
2. Atmospheric conditions (especially wind) 
3. Exposure of people 


13.8.1 Availability Study. 
Thus, if an availability study is performed, which could be weeks or months ahead of 
the operation, the variability in the range of all input data should be accounted for. This 
involves running the risk analysis with a variety of these inputs that span the range of 
what is possible for the operation. The range of parameters should consider other flight 
commit criteria or hazard controls. Each combination of these variety of inputs is a 
potential scenario for the operation. The appropriate application of atmospheric data for 
an availability study is discussed in section 9.1 of this AC. Population data variability 
should consider seasonal, temporal, and operation-related (including any observers and 
visitors variations, as discussed in AC 450.123-1, Population Exposure. The trajectory 
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variability should consider the variation in mission profile due to variation in mission 
objectives, atmospheric conditions, and the operation timing (e.g., launch window). If 
some scenarios do not meet the risk requirements of § 450.101, then in accordance 
with § 450.165, an operator must establish and observe flight commit criteria that 
identify each condition necessary prior to flight to satisfy the requirements of 
§ 450.101, and preclude initiation of the operation each condition necessary prior to 
initiation of the flight operation. Specifically, this includes the monitoring of the 
meteorological conditions necessary to be consistent with any safety analysis, as 
required by § 450.165(a)(2), and any hazard controls derived from any safety analysis 
required per § 450.165(a)(7). 


13.8.2 Countdown Analysis. 
Alternatively, operators may choose to perform a risk analysis during the countdown, 
during the hours leading up to a mission. In accordance with § 450.135(a)(2), a risk 
analysis during the countdown must use the best available input data, including flight 
commit criteria and flight abort rules. Thus, a countdown analysis is one where the 
uncertainties in conditions are reduced to the minimum feasible. A primary difference 
between a planning analysis and a countdown analysis is that a countdown analysis will 
use updated normal trajectory data (if different from best estimate planning data), 
updated population exposure data, and wind data based on the latest wind forecast or 
wind measurements (weather balloon, weather towers, sonars) made during the 
countdown. In some cases, the duration of the flight initation window may result in 
significant differences in predicted risks. In all cases, all risks to the public must satisfy 
the criteria in § 450.101 at the time of initiation of the flight operation. It is not 
sufficient to only assess the average risk across the flight initiation window. 
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14 FLIGHT HAZARD AREA DEFINITION. 
In accordance with § 401.7, a flight hazard area is a region of land, sea, or air that must 
be surveyed, publicized, controlled, or evacuated in order to ensure compliance with the 
safety criteria in § 450.101. A flight safety analysis must include a flight hazard area 
analysis, in accordance with § 450.133(a). The concept of a hazard area can be 
broadened to include lower and upper altitudes, leading to the concept of a hazard 
volume. Hazard volumes are important for aircraft risk because hazardous debris at 
altitude transits to the ground over a period of time, and the dispersion, which is 
impacted by meteorological conditions, and the aerodynamic characteristics of 
hazardous debris. Flight hazard areas are publicized prior to a mission, and areas are 
surveyed, controlled, or evacuated, to control public risk, in accordance with 
§ 450.161(c). 


14.1 Sources of Hazards. 
Consideration of hazards, and the consequences produced is part of performing a 
standard risk assessment. Protecting people from hazards can be approached by 
specifying where people can or cannot be, through measures of tolerable acceptance, 
mitigation, or through exclusion. Sources of hazards include planned hazardous debris 
events, in accordance with § 450.133(a)(1), as well as hazardous debris or other hazards 
that could result from all reasonably foreseeable malfunction failure modes. Planned 
hazards include expended and dropped stages, and jettisoned equipment (such as 
de-spinning devices) or ballast. Unplanned hazards include explosions leading to air 
blast and inert hazardous debris, burning or explosive hazardous debris, and hazardous 
debris that results from aerodynamic breakup or activation of a flight safety system. An 
operator must submit a description of the methodology to be used in the flight hazard 
area analysis in accordance with § 450.115(c), to satisfy § 450.133(e)(1). 


14.2 Flight Hazard Areas. 
Flight hazard areas are based on ensuring the risk to a protected entity (people, 
waterborne vessels, aircraft) meets the individual risk criteria in §§ 450.101(a)(2) or 
(b)(2) in accordance with §§ 450.133(b)(2) and 450.133(c)(2); meets the collective risk 
criteria in §§ 450.101(a)(1) or (b)(1) in accordance with §§ 450.133(b)(3) and 
450.133(c)(3); or meets the aircraft risk criteria in §§ 450.101(a)(3) or (b)(3) in 
accordance with § 450.133(d)(2). Implicit in such calculations is an understanding of 
what could be at risk. For waterborne vessels, this might include whether small fishing 
boats, large fishing boats, cargo vessels, oil tankers or cruise ships could potentially be 
in a region. The class of vessel potentially at risk affects the vulnerability of people on a 
vessel. Vulnerability characterization of people at risk can be defined at various levels 
of fidelity. An example of a conservative, low level fidelity characterization of 
vulnerability is one in which compact fragments that are 1 gram or larger are treated as 
hazardous to aircraft. Higher fidelity models consider the characteristics of impacting 
fragment in assessing the associated probability of a casualty. 
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14.3 Examples of Specific Flight Hazard Areas. 


• Exclusion Zones: An exclusion zone is a hazard area or volume within which a 
protected entity must not be present to ensure compliance with § 450.161(a). 
Exclusion zones may be stipulated because the risk to people in the open is 
unacceptable and can only be mitigated by excluding their presence. Exclusion in 
some cases may be the simplest approach to risk mitigation. 


• Warning Areas: A warning area is a lower risk hazard region than an exclusion 
zone, in which exclusion is not enforced. Warnings are publicized to ensure 
awareness and to promote voluntary exclusion pursuant to § 450.161(c). 


14.4 Contour Grids and their Durations. 
A common step in defining a flight hazard area is to set up a gridded region within 
which to compute risk contours. This gridded region is typically used for people on 
land, on waterborne vessels, and in aircraft. Aircraft grids should be defined at the 
altitude of specific aircraft types to be evaluated. A gridded region may contain one or 
more grids. Contours are based on risk values at a set of grid vertices. These vertices are 
the corners of grid cells that exist within the boundaries of the grids. Each grid is 
typically shaped as a rectangle and specified by its outer boundaries and cell sizes. The 
total number of grid cells has a large effect on computer runtimes; an excessive number 
of cells may be undesirable. 


14.4.1 There are several considerations when defining grid dimensions. The guiding principle 
is that they must contain, with 97 percent probability of containment, all debris resulting 
from normal flight events capable of causing a casualty to satisfy requirements 
§§ 450.133(b)(1), 450.133(c)(1), and 450.133(d)(1). The grid dimensions should 
contain the casualty producing IIPs, at the grid altitude level, of the normal trajectories. 
They should also contain most, but not necessarily all, the casualty producing IIPs of 
the failure and planned event IIPs. The IIPs are used to create impact dispersions (see 
chapter 9 of this AC). 


14.4.2 Several techniques can be applied to generate containment areas from calculated impact 
dispersions. Acceptable techniques include binning the impacts (empirical distribution 
or a 2-dimensional histogram) as discussed in paragraph 11.4 of this AC; kernel density 
estimators reference [18] of paragraph 3.4 of this AC; or using parameterized 
distributions such as a bivariate normal distribution or other distributions as discussed in 
paragraphs 11.2 and 11.2.1 of this AC. Scatter plots may assist in selecting the 
appropriate choice. Histogram-based approaches will result in discrete contours, while 
other approaches will yield continuous contours. Each approach has its advantages and 
disadvantages in terms of computational cost and accuracy. For example, 
two-dimensional histograms generally require many more samples to estimate the 
likelihood of low probability events than histograms. The analysis should include some 
justification as to the applicability of the specific approach adopted. 


14.4.3 Not all the IIPs may be within the 97 percent containment level of the dispersions. 
Alternatively, the 97% containment level may reach far beyond any the IIPs. Thus, it 
may be necessary to display the 97 percent containment levels to ensure that grid 
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boundaries meet the requirements. A grid cell should not be so large that it contains 
over 99 percent of the casualty producing impact dispersions that overlap it, and more 
desirably under 10 percent, to avoid issues of accuracy. 


14.4.4 In the case of bivariate normal distribution for a single fragment, the “sigma” level 
corresponding to a confidence level CL=97 percent is 2.64 = �−2𝑆𝑆𝐾𝐾 (1 − 𝐶𝐶𝐿𝐿). If a 
normal flight event generates more than one fragment, then the containment should be 
the 97 percent confidence containment of all resulting fragments. 


14.5 Development of Notices to Mariners. 
Flight hazard areas applicable to waterborne vessels must be generated for regions of 
sea that must be surveyed, publicized, controlled, or evacuated in order to comply with 
the safety criteria in § 450.101 (§ 450.133(b)). Hazard areas and durations of 
applicability are used to develop Notices to Mariners (NOTMAR), which are provided 
to authorities and disseminated to waterborne vessel operators for navigation and traffic 
management guidance. 


14.5.1 A range of waterborne vessel types that could be present in the hazard area should be 
used for hazard evaluation purposes. Each vessel type will be assigned to a specific 
grid(s) to compute risks. Casualty producing impacts to waterborne vessels result from 
blast and inert hazardous debris. At each grid vertex, the probability of casualty to an 
individual is computed by applying the waterborne vessel consequence models 
discussed in paragraph 12.7 of this AC. In accordance with § 450.133(e)(2)(iii), two 
sets of contours must be drawn that correspond to individual risk thresholds as provided 
in requirements §§ 450.101(a)(2) or (b)(2). The first set is the 1×10-6 individual 
probability of casualty contours for all selected waterborne vessel types, to represent the 
threshold for a member of the public. The second is the 1×10-5 individual probability of 
casualty contours for all selected waterborne vessel types, which represents the 
threshold for neighboring operations personnel. In accordance with § 450.161(a), an 
operator must publicize, survey, control, or evacuate the area within these contours 
prior to initiating flight of a launch vehicle or the reentry of a reentry vehicle to ensure 
compliance with § 450.101(a)(2) or (b)(2). 


14.5.2 Each set of contours should be enveloped by a polygon, which does not have to touch 
any of the contours, as it is common practice to add a buffer zone. When there are 
islands of contours, separate disjoint polygons may be created. Simpler polygons are 
preferred to avoid placing unduly complex requirements with which waterborne vessel 
operators should adhere. 


14.6 Development of Notices to Airmen. 
In accordance with § 450.133(d), flight hazard volumes applicable to aircraft must be 
generated for regions of airspace that must be surveyed, publicized, controlled, or 
evacuated to comply with the safety criteria in § 450.101. Aircraft hazard volumes are 
used to develop Notices to Airmen (NOTAMs). These hazard volumes and durations of 
applicability are provided to the FAA. The FAA issues NOTAMs, which restrict air 
traffic operations, to protect the public from planned or inadvertent hazardous debris 
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from a mission. NOTAMs should not be excessively conservative or geometrically 
complex. 


14.6.1 A range of aircraft types that could be present in the hazard area should be used for 
hazard evaluation purposes. Each aircraft type will be assigned to a specific grid(s) to 
compute risks. At each grid vertex and altitude associated with a specific aircraft type, 
the probability of casualty to an individual is computed by applying the aircraft 
consequence models discussed in paragraph 12.8 of this AC. In accordance with 
§ 450.133(e)(2)(v), representative 1 × 10-6 and 1 × 10-7 probability of impact contours 
are drawn for all debris capable of causing a casualty to persons on an aircraft, 
regardless of location. 


14.6.2 Each set of contours is enveloped by a polygon which does not have to touch any of the 
contours as it is common practice to add a buffer zone. When there are islands of 
contours, separate disjoint polygons can be created. Simpler polygons are preferred to 
avoid placing unduly complex requirements with which aircraft operators should 
adhere. 


14.6.3 In addition to these contours, aircraft hazard volumes are defined by a range of altitudes 
that apply to the selected aircraft. This should be from ground level to the highest 
relevant altitude, which is typically 60,000 feet. 


14.7 Development of Land Hazard Areas. 
In accordance with § 450.133(c), flight hazard areas that apply to unsheltered people 
must be generated for any region of land that must be surveyed, publicized, controlled, 
or evacuated to comply with the safety criteria in § 450.101. Land Hazard Areas (LHA) 
are developed with a similar methodology to NOTMARs. Near shorelines, LHAs often 
border NOTMARs. LHAs are disseminated to the land controlling authorities to ensure 
surveillance, crowd control, and road traffic management. 


14.7.1 LHA-based contours are designed to protect people in the open. Casualty producing 
events result from blast, toxic releases, and inert hazardous debris events. At each grid 
vertex, the probability of casualty to an unsheltered individual is computed by applying 
the consequence models discussed in paragraphs 12.3 and 12.11 of this AC. In 
accordance with § 450.133(e)(2)(iii), two set of contours are drawn that correspond to 
the individual risk thresholds provided in §§ 450.101(a)(2) and (b)(2). The first set is at 
the 1x10-6 probability level for all applicable shelter types that could house a member of 
the public. The second set at the 1×10-5 probability level for all applicable shelter types 
that could house neighboring operations personnel. An enveloping polygon is drawn 
about each set of contours. The polygons do not have to touch any of the contours as it 
is common practice to add a buffer zone. When there are islands of contours, separate 
disjoint polygons may be created. 
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15 SATISFYING APPLICANT SUBMISSION REQUIREMENTS. 
A completed high-fidelity flight safety analysis must be sufficiently documented to 
show that related 14 CFR requirements have been met. Top-level requirements of 
§ 450.115 must be applied to each of the flight safety analysis requirements. For each 
flight safety analysis requirement, the submitted material should clearly specify the 
scientific principles and statistical methods used to communicate that a high fidelity 
analysis has been performed. This will require descriptions of all methods applied, 
specification of analysis assumptions, justifications and underlying scientific principles, 
to meet the standards expected of a high-fidelity flight safety analysis in accordance 
with § 450.101(g). In addition, the analysis should confirm that each appropriate risk 
threshold specified in § 450.101 will not been exceeded given the flight commit criteria 
and flight abort rules employed. In accordance with § 450.115(b)(1) the results must 
demonstrate that any risk to the public satisfies the safety criteria of § 450.101, 
including the use of mitigations, accounting for all known sources of uncertainty. The 
application should explain how uncertainty in risk predictions were accounted for, as 
well as note how risk mitigations were accounted for. In accordance with 
§ 450.115(c)(4), an applicant must provide evidence for its validation and verification 
(V&V) of the suitability of the submitted material as required by § 450.101(g). 


15.1 Nominal and Failure Trajectories. 
Advisory Circular 450.117-1, Normal and Malfunction Trajectory Analysis, discusses 
the usage of trajectories by placing them within the context of a flight safety analysis. 
Various types of trajectories must be generated to comply with §§ 450.117(d)(2) and 
450.119(c)(3) requirements. The generated trajectories should be written to data files or 
spreadsheets that contain: 


• Time histories of the vehicle position, velocity, orientation, and associated IIPs, 


• Clearly defined coordinate system for each time history parameter, 


• Clearly marked units for each data parameter, 


• Notation indicating whether using a right-handed or left-handed coordinate system, 
and 


• If relevant, notation indicating whether using an Earth fixed (ECR) or Earth rotating 
(ECI, inertial frame) coordinate system, or any other coordinate system. 


15.2 Failure and Planned Event State Vectors. 
Trajectories are used to create a set of failure and planned event state vectors that 
account for each foreseeable cause of vehicle breakup, including breakup caused by 
flight safety system activation, inadvertent separation, or by impact of an intact vehicle. 
The set of failure and planned event state vectors should be written to data files or 
spreadsheets that specify: 


• Nominal state time for on-trajectory cases, 


• Vehicle failure and breakup times for malfunction turn cases, 
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• Position and velocity vectors for hazardous debris modeled with 3 degrees-of-
freedom during ballistic fall, 


• Orientation of hazardous debris body and angular velocity vector if modeled with a 
5 DOF simulation for axisymmetric bodies or a 6 DOF simulation for 
non-axisymmetric bodies during ballistic fall, 


• Clearly defined coordinate system of each state vector parameter, 


• State vector failure probability, or identification of failure mode to assign failure 
probability to each state vector, 


• Identification of breakup mode to assign hazardous debris fragment list to state 
vectors, 


• State vector position-velocity covariance, or identification of data source, if state 
vector uncertainty is not accounted for in trajectories from which the state vectors 
are selected, and 


• Clearly marked units for each data parameter. 


15.3 Breakup and Jettisoned Hazardous Debris. 
Paragraph 8.5 of this AC presents the creation of vehicle hazardous debris fragment lists 
for all foreseeable causes of vehicle breakup. Ballistic or near-ballistic hazardous debris 
may create a hazard at any time during flight and so it must be clearly characterized to 
comply with § 450.121 requirements. Such hazardous debris may be partitioned into 
classes that represent one or more fragments, in which case the rules used to create 
appropriate groups must be documented under § 450.121(d)(5). Generated hazardous 
debris fragment lists should be written to data files or spreadsheets that define each item 
by: 
1. Nominal value and statistical uncertainty bounds of the ballistic coefficient, 
2. Statistical uncertainty in lift coefficient, 
3. Mean and statistical uncertainty in break-up induced velocity of a Maxwellian 


distribution, or detailed speed and direction distributions for a directed DV case, 
4. Projected fragment hazard area as the direct reach of the fragment on a person or 


building, 
5. Total weight, and constituent inert and propellant weights, 
6. Identification of Mach-CD table to apply for tumbling motion and identification of 


Mach-CD table to apply for any stable motion, 
7. For motors, engines, or propellant fragments: 


a. State times corresponding to time-dependent parameter values, 
b. Time history of propellant weight, 
c. Identification of propellant type, 
d. Indication if propellant or motor is burning at release, 
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e. For exposed solid propellant fragments: parameters used to compute change in 
burning propellant weight and size, 


f. For contained SRMs: propellant consumption rate if burning at release, 
g. For fuel venting systems: initial ratio of fuel/oxidizer and time history of fuel 


weight, 
8. For potential inert aerothermal demise: material type and information needed to 


compute aerothermal ablation; for composite fragments with multiple material 
types, provide information to identify only those portions that may lead to 
aerothermal demise, and 


9. Clearly marked units for each data parameter. 


15.4 Probability of Failure. 
Advisory Circular 450.131-1, Probability of Failure discusses how to create failure 
probability or rate profiles for use in computing unconditional risks. Profiles are created 
for each foreseeable failure mode to comply with § 450.131 requirements. The profiles 
can be written to a data file or spreadsheet in a tabular form that clearly indicates the 
time span over which to apply each failure rate or probability. Each failure probability 
or rate profile should be accompanied by a graph as a function of time and a plot of 
cumulative failure probability. 


15.5 Requirements for Flight Hazard Areas. 
Chapter 13 of this AC discussed the generation of land, waterborne vessel, and aircraft 
flight hazard areas to comply with § 450.133 requirements. Each of the associated 
protected zones require a 97 percent confidence of containment for all hazardous debris 
impacts in accordance with §§ 450.133(b)(1), 450.133(c)(1), and 450.133(d)(1). Inside 
hazard areas, the risk threshold levels for people cannot be exceeded for individual risk 
in accordance with § 450.101(b)(2)(i). Geographical coordinates of flight hazard areas 
should be graphically documented, and the coordinates and duration times provided. 
Reference AC 450.161-1 Surveillance and Publication of Hazard Areas or Aircraft and 
Ship Hazard Areas for additional information. 


15.6 Hazardous Debris Propagation and Impact Distributions. 
Chapter 7 of this AC discussed taking each failure and planned event state vector that 
may cause a hazard and propagate it to the ground. Resulting hazardous debris impact 
distributions must be statistically valid in accordance with § 450.121(c), accounting for 
all foreseeable sources of impact dispersion to comply with § 450.135(b) requirements. 
Under § 450.121(c)(2), sources of impact dispersions must include, at a minimum, 
uncertainties in atmospheric conditions; debris aerodynamic parameters, including 
uncertainties; pre-breakup position and velocity, including uncertainties; and hazardous 
debris velocities imparted at breakup, including uncertainties. If the data sources are not 
easily available, then the data should be written to data files or spreadsheets. Chapter 9 
discussed how to define a hazardous debris cloud and impact functional distributions to 
comply with § 450.135(b) requirements. Since cloud distributions are typically an 
internal product of the risk tool, and generally not written out to file, descriptions of 
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final dispersions are not required. However, the methods of definition are required in 
accordance with § 450.123(c)(1). 


15.7 People and Assets. 
Chapter 10 of this AC discussed how to define exposure areas that hazard people and 
assets to comply with § 450.123 requirements. Population centers and asset sites should 
be written to data files and/or spreadsheets with the following considerations: 
1. Mean latitude/longitude location for surface sites and stationary waterborne vessels, 


otherwise a time-based path for a moving object (waterborne vessel, aircraft) that 
covers the duration of the mission. 


2. Size: 
a. Floor plan area for surface site, 
b. Top area and length for stationary waterborne vessel, 
c. Rectangular dimensions for moving waterborne vessel, or 
d. Top and front areas for aircraft. 


3. Value of asset. 
4. Population as a function of time of day, week, month, or year: 


a. Number of unsheltered people, 
b. Number of people in each shelter type, and specification of roof type, wall type, 


and window type, 
c. For waterborne vessels: number of people on deck and separately below deck, 


and 
d. Number of people in aircraft, and identification of aircraft type. 


15.8 Consequence and Risk. 
Chapters 10 and 11 of this AC discussed the details for performing a consequence 
analysis to comply with § 450.101(c) requirements. In addition to the risk measures 
specified in the requirements, in accordance with § 450.135(c)(4), the applicant must 
provide the computed effective casualty areas for unsheltered people for each fragment 
class under § 450.135(c)(3). Most of the consequences covered in chapter 11 of this AC 
should have computed effective casualty areas, while some cases involving propellant 
explosions should be dealt with the preparation of probability versus distance curves. 
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		1 PURPOSE.

		1.1 Cancellation.

		1.2 Analysis Scope.

		1.3 Description of Methods.

		1.4 Level of Imperatives.



		2 APPLICABILITY.

		2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators required to comply with 14 CFR part 450. The guidance in this AC is for those seeking a launch or reentry vehicle operator license, a licensed operator seeking to renew or modify an existing vehicle operator license, and FAA commercial space transportation evaluators.

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right, and will not be relied upon by the FAA as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. This AC describes acceptable means, but not the only means, for demonstrating compliance with the applicable regulations.

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements.



		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS.

		4 DEFINITION OF TERMS.

		5 ACRONYMS.

		6 OVERVIEW.

		6.1.1 The first step in performing a high-fidelity flight safety analysis is to collect existing relevant input, and define and create input unique to the high-fidelity analysis. Input should include the following:

		6.1.2 The second step is to identify hazards and hazard producing events. The operator should apply the flight abort rules and vehicle break-up limits to the normal and malfunction trajectories to obtain a set of failure events, in accordance with the requirements of § 450.108(f). These failure events, and all planned events, should be specified by state vectors that are defined by mean time of failure, position and velocity at the failure event point, and the probability of the failure occurring. An operator should follow the hazard identification analysis of paragraph 7.2 of this AC.

		6.1.3 The third step is to develop a debris list, in accordance with the debris analysis requirements of § 450.121(a) and (b), which has two parts:

		6.1.4 The fourth step is to perform a risk analysis that computes individual risk, collective risk, risk to aircraft, and risk to any critical assets. Computing risk can be an iterative process if the computed risk exceeds the risk thresholds of § 450.101 and then additional mitigations are identified. To compute risk, an operator should perform the following steps:

		6.1.5 The fifth step is to use the results of the risk analysis to define flight hazard areas using chapter 13 of this AC. The operator should provide information to construct:

		6.1.6 The sixth step is to document all previous steps to comply with § 450.113(a).



		7 MISSION DEFINITION AND HAZARD IDENTIFICATION.

		7.1.1.2 Sources of Hazardous Debris and Trajectory Analysis for Malfunction Flight.

		7.1.2.5 Trajectory Analysis Outputs and Abort Flight Profiles.

		7.1.2.6 Flight Mission Limits.

		7.1.2.7 Wind Weighting.

		7.1.3 Defining Flight Safety Systems.

		7.2.1 Vehicle Impact and Breakup Analysis.

		7.3.1 Risk Management of High Risk Areas.





		8 HAZARDOUS DEBRIS CHARACTERIZATION.

		8.1.1 Characterizing Attributes of Hazardous Debris.

		8.1.2 Debris Analysis Requirements.

		8.1.3 Comparing to Hazardous Debris Data for Vehicle Failures.

		8.1.4 Debris Characterization for Consequence Evaluation.

		8.2.2 Flight Termination System (FTS) Initiated Breakups.

		8.2.3 Aerodynamic Breakup.

		8.2.4 Structural Breakups.

		8.2.5 Aerothermal Breakup.

		8.2.6 Reentry Breakup Fragments by Material Type.

		8.3.1 Breakup Hazardous Debris List by Design Features.

		8.3.2 Breakup Hazardous Debris List by Material Types.

		8.4.1 Effect of Propellant Type.

		8.4.4.1 Solid Rocket Motors.

		8.4.4.2 Liquid Fueled Rockets.

		8.4.5 Effect of Propellant Loading at Time of Breakup.

		8.4.5.2 Accounting for Fracture Mechanics.

		8.4.5.3 Accounting for Acceleration of Fragments following Combustion.



		8.5.3 Small Hazardous Debris Hazardous to Aircraft.





		9 AERODYNAMIC AND HARMFUL DEBRIS CHARACTERISTICS.

		9.1.1 Flow Regimes.

		9.3.1 Reynolds Number.

		9.3.2 Drag in Free Molecular Flow Regime.

		9.3.3 Drag in Transitional Regime.

		9.4 Lift Uncertainty.

		9.5.1 For any given time of the flight, for any foreseeable nominal or malfunction trajectory, there should be a stochastic hazardous debris model from which flight safety analysis can extract a realization of a set of hazardous debris from the breakup event. It is customary to separate classes of hazardous debris models by breakup mode for all major vehicle systems associated with phases of flight (i.e., stages, boosters, and payload) and combine them as necessary depending on vehicle configuration. These hazardous debris models should capture the changes to the vehicle (including current mass of propellants, chamber pressure, temperature, velocity, angle of attack) and the breakup environment (altitude, ambient air pressure, temperature). It is common to define different hazardous debris lists that apply to different time ranges. Each such hazardous debris list represents a constant set of fragments that is unvaried during that time range. For example, one may generate ten hazardous debris lists for FTS breakups for the duration of active burning of a SRM.

		9.5.2 A hazardous debris model should be specified for a given flight time range, for a given stage and for a given breakup mode. Typical hazardous debris lists contain hundreds to thousands of debris pieces. It is possible to have a general model that can output a full realization of all the hazardous debris with all the required properties. However, it is common to define a hazardous debris list as a list of hazardous debris groups where statistical parameters needed to generate a realization of hazardous debris in this group are specified. All the hazardous debris in the generated hazardous debris list should have the following information defined:

		9.7.1 Mass Properties.

		9.7.2 Aerodynamic Properties.

		9.7.3 Initial Velocity and Location.

		9.7.3.1 The hazardous debris group should characterize the imparted speeds and directions relative to the prebreakup center of mass motion. In-flight explosions or pressure vessel ruptures release energy with the potential to fracture the vehicle and disperse the resulting fragments.

		9.7.3.2 The hazardous debris group should specify the magnitudes and directions of imparted velocity vectors and their associated uncertainty. For no preferred direction of the imparted speed, a Maxwellian distribution applies with speed defined as the maximum value equal to the 97th percentile. If there is uncertainty in the maximum value defined, then a statistical model for uncertainty of the maximum value should be specified. If velocity is not random, then a directed velocity model should be defined that specifies the distribution of directions and uncertainty in imparted velocity in those directions.



		9.7.4 Aerothermal Heating Properties.

		9.7.5 Energetic Properties.

		9.7.5.1 Propellants.

		9.7.5.1.1 Liquid propellants—such as Kerosene (“RP-1”) and Oxygen (“LOX”)—as individual constituents—may pose only a fire hazard, following an intact impact of a tank on the ground, with some additional hazardous debris hazard from the impact and rupture of the pressurized tank. Multiple constituents however, if landing as coupled or proximal items, may produce a combustive overpressure, and fragment speeds that are 12 orders of magnitude faster. Therefore, a hazardous debris catalog should account for the condition of these “hazardous debris items” (tanks) as they reach ground to perform the vehicle impact and breakup analysis of § 450.121(b).

		9.7.5.1.2 Solid propellants can produce both explosive and toxic hazards, when impacting the ground and/or burning thereafter—while sometimes also modestly “burning back” as fragments fall (which reduces the amount reacting after contact with the ground). For these reasons, solid propellant hazardous debris catalogs are obligated in accordance with § 450.121(d)(5) to account for these predicted solid propellant fragment masses, counts, and mid-air burning conditions. For solid propellant hazardous debris, the following information should be provided:

		9.7.5.1.3 “Hypergolic” tanks, whether holding mono- or bi-propellants, may also survive a breakup and produce a several possible types of hazards on the ground (hazardous debris, overpressure, fire, and toxins). For these reasons, an operator should characterize any amounts of onboard hypergolic propellants in the hazardous debris catalog for their predicted condition (shielded tank in a stage, released tank as an individual hazardous debris item, a ruptured tank with mid-air dispersion).



		9.7.5.2 Other Energetic and Hazardous Debris.

		9.7.5.2.1 All remaining potential energies at time of ground contact (including batteries, intact propellant reservoirs, pressurized tanks, ordnance, compressed springs, elevated hardware temperatures, nuclear materials, toxins, chemicals, and any other potential hazard to humans or the environment) should be assessed.

		9.7.5.2.2 Batteries can contain hazards from residual electrical charges or the ingredients within the battery that are released at rupture—in addition to batteries themselves being relatively high ballistic coefficient hazardous debris items.

		9.7.5.2.3 Even a “depleted” propellant tank typically holds some residuals (typically ~2-5 percent of its capacity) that cannot be reliably burned during normal operation. These amounts can be unusually reactive, as they are nearer to the vapor state required for combustion. Therefore, hazardous debris catalogs should account for hazards posed by remaining propellants in “empty” tanks.

		9.7.5.2.4 Inert gases (like helium, such as used for ullage) produce no toxic hazard, but may be contained in tanks that are many times higher pressure than other tanks on board (e.g., 5,000 vs. 100 psig). Similarly, hydraulic fluids (often a synthetic hydrocarbon), may be contained in tanks or reservoirs pressurized to high pressures (e.g., 2,500 vs. 100 psig), and any toxic effect may be negligible in comparison to other hazards. For this reason, stored pressure energy (i.e., a tank, tire, pneumatic cylinder, or otherwise) should be characterized within the hazardous debris catalog, for the potential overpressure hazard on ground.

		9.7.5.2.5 Vehicles can contain hundreds of “ordnance items” such as contained energetic devices (cartridges, igniters, shape charges) designed to separate stages, deploy payloads, break bolts, cut electrical or fluid lines, jettison items, or destroy the vehicle itself (i.e. Flight Termination ordnance). When the vehicle—or its hazardous debris—reaches the ground, some of this ordnance may not have been rendered inert (fired and consumed), due to the stage at which the failure occurred, or due to the ordnance function being interrupted by the breakup itself. Unexploded ordnance can then remain as a hazard on ground, so the hazardous debris catalog should track these potential energy items and their expected condition during the various nominal and malfunction scenarios.

		9.7.5.2.6 Other sources that are expected to produce non-negligible amounts of energy should also be included. An example is compressed mechanical springs, which can be used to isolate or stabilize onboard hardware, jettison stages or payloads, or otherwise, and may retain a hazard on the ground after the hazardous debris has come to rest, including if the item’s retention hardware has been damaged. The size and precompression of these potential energy items should be tracked in the hazardous debris catalog, with their expected conditions during various nominal and malfunction scenarios.

		9.7.5.2.7 Elevated temperatures of inert hardware (such as fractured nozzle components, hardware heated by plume radiation) can remain a burn hazard or an ignition source on ground after hazardous debris has come to rest. Residual temperatures above approximately 250°F have potential for igniting ambient ground brush or foliage, causing uncontrolled fires on the terrain around the hazardous debris footprint. Hardware temperatures above 130°F can cause burns to skin. For these reasons, any hazardous debris anticipated to retain elevated temperatures to ground should be tracked for that characteristic in the hazardous debris catalog.





		9.7.6 Toxic Properties.

		9.7.7 Related to Hazard/Casualty Area of a Hazardous Debris.



		9.8 Fragmentation Guidelines Based on Historical Data.

		9.8.1 Available Data.

		9.8.2 Liquid Fueled Rocket Guidelines.

		9.8.3 Re-entry Vehicle Guidelines.





		10 PROPAGATION OF HAZARDOUS DEBRIS TO IMPACT.

		10.1.1 Air Density.

		10.1.2 Air Density Models.

		10.1.3 Mach number.

		10.1.4 Wind.

		10.1.5 Local Wind Data for Countdown Analysis.

		10.1.5.1 The first option is to use measured wind data, from various measuring systems such as Jimsphere, Rawinsonde and Windsonde soundings, and Doppler Radar Profiler measurements. Data should be obtained within six hours of launch. The uncertainty in the wind forecast should account for the time delay between the forecast and the flight. This data is typically centered about a specific measurement location and thus depends only on altitude. This data should extend to at least above the top of the jet stream.

		10.1.5.2 The second option is to use a wind forecast authorized by either the Department of Defense or NOAA (such as the North American Mesoscale (NAM) model or Global Forecast System (GFS)). Forecasts are usually sufficiently accurate for debris analysis for up to 72 hours, but should be verified by comparing newer forecasts to the forecast used in the countdown analysis. It is critical that the forecast computed for the planned operation time should be used. If localized weather events (including weather fronts or storms) are anticipated, the applicant must ensure the operational flight conditions are consistent with the forecast. The uncertainty in the wind forecast should account for the time delay between the forecast and the flight.

		10.1.6 Local Wind Data for Availability Study.

		10.1.7 Non-local Wind Data.

		10.2.1.1 In general, a breakup state time is the moment when the stress related vehicle structural load criterion limit is exceeded. These breakup state vectors should be computed by interpolation between the time bounding malfunction trajectory initiation points.

		10.2.1.2 The uncertainty in the breakup state vectors must be accounted for in the statistical trajectory set (paragraph 10.3 of this AC) in accordance with § 450.117(d)(4)(iii). The uncertainty in the criteria limit will result in a range of breakup state times and their associated breakup state vectors. Each breakup state vector can be assigned a probability based on the associated structural limit distribution probability value. However, the distribution of the breakup state times may be very non-Gaussian even when the criteria limit distribution is Gaussian. The uncertainty in the breakup state vectors must additionally account for failure state vector uncertainty if the vehicle or malfunction trajectory does not already do so.

		10.2.1.3 This may be done by using the mean breakup state vector as the basis for the statistical trajectory. The mean state vector is where the 50 percent threshold is exceeded. The uncertainty in the state vector is then represented by one or more Gaussian covariance matrices that will be sampled during the setup of the based statistical trajectory set.

		10.2.1.4 There are three common structural limit cases that should be evaluated. The first case is from aerodynamic forces. The aerodynamic breakup criteria should account for angle-of-attack α, i.e., the angle between the vehicle’s roll axis and the velocity vector, and the external dynamic pressure q acting on the vehicle. The criteria breakup distribution is based on the dynamic pressure multiplied by total angle of attack (q-α) limits of breakup, or on a q*sin(α) limit. Both of these limits are simplifications; if it is known from the design that more sophisticated quantification of structural limits is appropriate and have a significant effect on the breakup time, then those limits should be used. Structural limits should represent the upper bound of what the vehicle could survive. This type of breakup should be evaluated for vehicle malfunction trajectories, and for vehicle ballistic trajectories.

		10.2.1.5 The second case is from inertial forces. One breakup criterion is when a vehicle has reached sufficient rotational speed in a vacuum or low-density atmosphere. The criteria breakup distribution is based on the rotation rate limits of breakup. The rotation rate accounts for yaw and pitch rates. This type of breakup should be evaluated for a vehicle malfunction trajectory. Another inertial force can be a buoyant force as a result of g-loads from the vehicle. This would present a force on any structures submerged in a fluid and may exceed attachment hardware limits. A third type of inertial force breakup is when g-loads exceed structural capability.

		10.2.1.6 The third case is from aerothermal effects. An aerothermal induced breakup occurs when friction buildup leads to melting of portions of the vehicle. Sufficient time for melting can lead to aerothermal breakup during vehicle reentry from orbit, or if vehicle thrust termination occurs at sufficiently high altitudes and velocity. Since melting typically starts at altitudes centered about 75,000 feet when speeds reach about Mach 15, this case should be handled for all events that occur above 100,000 feet at speeds as low as Mach 10. The criteria breakup distribution is based on the altitude limits provided that a vehicle has exceeded a speed threshold. Although the altitude limits should include uncertainty, the speed threshold may be a single value. This type of breakup should be evaluated for a vehicle ballistic trajectory.

		10.2.3.1 A body may be jettisoned from a trajectory randomly selected out of a set of normal trajectories, to account for state vector uncertainty. Alternatively, a single jettison state vector may be specified from the nominal trajectory, and its uncertainty accounted for using covariance data derived from the ensemble of normal dispersed trajectories, see paragraph 10.3 of this AC. The planned event state vector is computed through linear interpolation of time between bounding time trajectory points.

		10.2.3.2 It is necessary to consider self-breakup of a jettisoned body during its ballistic fall. These bodies may be smaller than the main vehicle, but they can be large main stages that can still have points of weakness. Selfbreakup of unpressurized sections may not be necessary to consider if they are more compact and have much higher structural breakup limits. Also, since these bodies are not powered in free-fall, they will not reach the speeds needed for inertial forces to be significant.

		10.2.4.2 Impact Vector Based Uncertainty.





		10.3 Statistical Trajectory Set.

		10.3.1 Sampling Approach.

		10.3.2 Uncertainty in Initial State Vectors and Ballistic Coefficient.

		10.3.3 Uncertainty in Breakup-induced Velocity.

		10.3.4 Wind Uncertainty. 

		10.3.5 Lift Uncertainty.

		10.4.1 Otherwise, propagator algorithms are designed to propagate fragments in a series of small time steps. Position and velocity components are computed using acceleration and some of its higher derivatives. The size of the steps involves a tradeoff between runtime and accuracy. The time steps should be no larger than one second and should be adjustable to smaller values to account for rapid changes in direction and speed. There are two types of propagators: predictor, and predictor-corrector. A predictor will only move forward in time, without any knowledge of how much error is being introduced. A predictor-corrector will compute the error buildup between steps, and if too large will reduce the time step and restart the step. For ballistic trajectory generation, time steps of less than a tenth of a second lead to about the same results and runtimes for both types. Exceptions are reentry cases where trajectories span large distances within the atmosphere before impact. For these, the error adjustment capability of the predictor-corrector usually shows a clear advantage of accuracy. For time steps closer to one second, predictors will run faster at a cost of accuracy compared to predictor-correctors, but are found to be sufficient for launch-to-orbit and non-orbital missions. These statements assume that the codes in question are robust and have been thoroughly tested to yield desired results.

		10.4.2 Most propagators employ a version of a Taylor series expansion or Runge-Kutta algorithm. There are many versions of the Runge-Kutta algorithm as depicted in reference [17] of paragraph 3.4 of this AC. The various predictor-correctors have different starting mechanisms, step sizing logic, polynomial order, and error testing logic and thresholds. Both Taylor and Runge-Kutta series have an unbounded number of terms. For ballistic trajectories, the propagator should include at least up to fourth order terms.

		10.4.3 All ballistic propagators should account for gravity, which in turn needs an Earth model to define the gravitational constant and Earth’s shape. The WGS84 model should be used for all Earth constants. That model is described in greater detail in the reference [8] of paragraph 3.4 of this AC. For short range trajectories near the launch point, out to about 200 miles, the Earth can be treated as a sphere. Otherwise, the oblateness of the Earth should be accounted for, which is specified by the J2 Earth moments. Neglecting the J2 term can lead to an error of several miles over tens of degrees of span. The next higher even moment, J4, tends to have a non-negligible contribution only for a highly elliptical ballistic trajectory that makes one or more passes around the Earth. The radius of the Earth at a local surface point should be computed using the radius of the Earth at the equator, at the poles, and applying the Earth model eccentricity correction for the local latitude.

		10.4.4 In the atmosphere, propagators should account for drag force. For a tumbling body, drag is directed opposite to the direction of motion. If the position components are evaluated in the Earth’s rotating frame, then the propagator should also account for the Coriolis and centrifugal pseudo-forces. To evaluate these forces, the Earth model rotation rate is needed.

		State vectors consisting of position and velocity can be represented in many different coordinate systems. Propagator codes are generally in an Earth-centered system, which may or may not be rotating with the Earth. At a given state time tj, a propagator will start with position 𝐸𝑡𝑗,𝐹𝑡𝑗,𝐺𝑡𝑗 and velocity 𝐸𝑡𝑗,𝐹𝑡𝑗,𝐺𝑡𝑗 and project them forward to time tj+1.

		10.4.5 The drag acceleration is given by

		10.5.1 Free Fliers.

		10.5.2 Partially Intact SRM.

		10.5.3 Stability of Unguided Body.





		11 IMPACT PROBABILITY DISTRIBUTION.

		11.1.1 For risk analysis computations, impact probabilities for people and assets should consider the number of impact points that hazard a site. The dispersion pattern formed by impact points should be fit to a single functional distribution that allows a minor amount of statistical information to be lost. If a single distribution cannot be used, a collection of simple distributions should be considered, such as a kernel density estimation (KDE) procedure as described in the reference listed as [18] of paragraph 3.4 of this AC. An alternative to a distributional fit is to use histograms of impact counts over the impact space, which can deal with diverse statistical patterns.

		11.1.2 The criterion for employing functional distributions is that they can account for the first few statistical moments of the impact dispersion pattern. Every functional distribution employed should account for the first moment given by the mean and the second moment given by the variance. Functional distributions should also account for the moment of skewness and the fourth moment for patterns that exhibit excessive statistics in these moments. If higher moments are relevant, then either a collection of simpler distributions or a histogram should be constructed.

		11.1.3 A statistical set of hazardous debris ballistic trajectories will likely be Gaussian if the sources of uncertainty applied during the Monte Carlo simulation are Gaussian, or nearGaussian such as log-normal. Impact points may acquire skewness for long fall times and strong wind conditions. Monte Carlo state vector uncertainty sets may exhibit too much skewness, and more often too much kurtosis. Directed velocity explosion models tend to be non-Gaussian, such as forming a ring or torus, or possess no discernible pattern. Trajectories that involve residual thrust or directed lift are also likely to possess no discernible pattern.

		11.2.1 On a plane, a “bivariate” normal distribution is formed using the mean location 𝑥,𝑦 and the associated 2-dimensional covariance matrix of the impact locations. The 2dimensional distribution is the product of the two individual 1D distributions in which the standard deviation values 𝜎𝑥,𝜎𝑦 are the eigenvalues of the 2-dimensional covariance matrix. The pair of 1D distributions are orthogonal along the principal axis, with direction provided by the eigenvectors of the 2-dimensional covariance matrix.

		11.3.1 Figure 1 presents a sampling of 1D skew-normal curves. The 2-dimensional skewnormal distribution cannot be reduced to the product of two 1D functions due to the nature of the shape parameters. For high skewness, the figure shows that the Gaussian distribution produces a tail in which zero probability exists.

		11.3.2 Due to the nature of the shape parameter, solving for the 2-dimensional skew-normal distribution parameters involves an approach that requires the use of non-linear differential equations. A useful solution that applies to impact dispersions for the 2dimensional distribution can be developed through a careful reading of the literature. Issues that should be dealt with are employment of proper coordinates, and avoidance of common runaway solutions that go to an infinite value for alpha and are usually invalid.

		11.5.1 The generalization of the 2-dimensional distributions to three dimensions is straightforward. The tri-normal distribution has mean 𝑥,𝑦,𝑧 and standard deviation values 𝜎𝑥,𝜎𝑦,𝜎𝑧 that are the eigenvalues of the 3-dimensional covariance matrix. The triplet of 1D distributions are orthogonal and along the principal axis, in which directions are provided by the eigenvectors of the 3-dimensional covariance matrix. The 3-dimensional skew-normal possesses the same solution process requirements and complexities as the 2-dimensional case but can be resolved in the same manner.

		11.5.2 The 3-dimensional histogram approach uses cubes rather than cells. The set of cubes span the space through which an aircraft may pass, and will likely necessitate that the collection of trajectories has millions of members for those aircraft near the edges of the cloud dispersion pattern.



		12 CONSEQUENCE MODELING.

		12.1.1 The probability of consequence depends on the probability that hazardous debris impacts at or near the population center, and the probability that the impact results in a casualty:

		12.1.2 There are several levels of effort that can be put forward to evaluate 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦, which differ by degree of conservatism.

		12.1.3 The simplest and most conservative is to set 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦=1 for all hazardous debris, and thus 𝑝𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒=𝑝𝑖𝑚𝑝𝑎𝑐𝑡.

		12.1.4 If using 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦=1 results in meeting the risk criteria of §§ 450.101(a) to 450.101(b) then a less conservative and more complicated method to evaluate 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦 is not necessary.

		12.1.5 Instead of setting 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦=1 for all hazardous debris, it can be set only for selected fragments that pass specific hazardous debris filters, while everything else is rejected. Any hazardous debris on unsheltered people can be rejected if the impact kinetic energy is less than 11 ft-lbs and the mean impact kinetic energy per unit area at impact is less than 34 ft-lb/in2. For sheltered people near windows, explosive consequences only need to be considered in the region where the overpressure exceeds 0.25 psig, for the purposes of the debris risk analysis required by § 450.135. Several additional acceptable filters are given in the reference listed as [22] of paragraph 3.4 of this AC. Any hazardous debris on sheltered people can be rejected if the roof is struck with less than 17 ft-lbs. Explosive effects can be ignored for unsheltered people where the overpressure is less than 2 psig. For sheltered people hazarded by falling walls and roofs, the threshold is 1 psi. Finally, hazardous debris on aircraft can be rejected if its mass is less than 0.4 gram.

		12.1.6 If the filters are not useful, then a probabilistic model-based evaluation of 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦 should be done. This would include a model for human vulnerability that considers the effects of the hazard on the human body. A valid model should account for the vulnerability of various body parts that dominate the risk. The type of consequence being performed will indicate which body parts should be considered. The degrees of injury to people and specific body parts can be separated into categories corresponding to the severity of the injury. A system that is used among many industries is the Abbreviated Injury Scale (AIS). This was originally published in 1971 to provide a taxonomy of injuries generated by road accidents, and has been refined several times since This publication is listed as reference [20] of paragraph 3.4 of this AC. There are 7 AIS levels that are defined in Table 2 of this AC. A “casualty” corresponds to AIS level 3 (or higher), which are serious injuries requiring hospitalization for recovery, or greater AIS level.

		12.1.7 Evaluating the human vulnerability model at the casualty level can then be then fed into one of two forms that lead to a proper evaluation of 𝑝𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒. The first representation is as an “effective” casualty area. As specified in § 401.7, effective casualty area means the aggregate casualty area of each piece of debris created by a vehicle failure at a particular point on its trajectory. The effective casualty area for each piece of debris is a modeling construct in which the area within which 100 percent of the population are assumed to be a casualty, and outside of which 100 percent of the population are assumed not to be a casualty. This area need not be a single connected region, but may be comprised of several disjoint sections. The effective casualty area, CA, is a factor in the probability of 𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦 through 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦=𝐶𝐴/𝐴𝑝𝑜𝑝 where 𝐴𝑝𝑜𝑝 is the area of the population center. The effective casualty area must account for all relevant hazardous debris characteristics and the characteristics of a representative person potentially exposed to the hazardous debris hazard in accordance with § 450.135(b)(1). For reporting purposes, the effective casualty area needs to be computed for people who may be occupying an unsheltered casualty area in accordance with § 450.135(c)(3), as well as for a representative type of building, ground vehicle, waterborne vessel, and aircraft, assuming a representative impact vector, in accordance with § 450.135(c)(4).

		12.1.8 The second way in which the potential for a casualty is usually characterized is by specifying a probability of casualty versus distance profile, i.e., 𝑃𝐶𝑑. The distance d is measured from the hazardous debris impact point, and the profiles that extend outward from that point may or may not depend on the hazardous debris’ impact direction. The profile 𝑃𝐶𝑑 is not necessarily monotinically decreasing as d increases. To include all non-trivial risks for distant population centers, the profiles 𝑃𝐶𝑑 may need to go out far enough until the probability level drops below at least 1x10-6. A ramification of this is that a given population center can be reached by hazardous debris impacts with varying impact probabilities. To properly compute risk, the impact space should be broken down into cells where the probability of impact in each cell has small impact variation, which should be less than about 1/3rd of a standard deviation of the impact distribution. The 𝑝𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 on a site is then expressed as a sum over all the impact cells.

		12.1.9 An effective casualty should also be computed to meet reporting requirements in §§ 450.135(c)(3) and (4), although it is generally not needed for computations that use the 𝑃𝐶𝑑 curves. For these cases, the effective casualty is evaluated as the integral of 𝑃𝐶(d) over the area where 𝑃𝐶(d) is at least 1 percent.

		12.2.1 Although the discussion applies to inert consequences, in accordance with § 450.135(b)(3), the hazardous debris does not need to be inert but can also be explosive or toxic. This is because hazardous debris with small explosive or toxic risks may have higher risks by treating them as inert. In other words, the kinetic impact of the hazardous debris may pose more risk than if the fragment exploded or released toxic gases. Thus, for these cases risks should be computed both ways and the larger risks values applied against the risk thresholds.

		12.3 Unsheltered People.

		12.3.1 The full hazardous debris hazardous area may be broken down in cells, and within each cell, the effective casualty area 𝐶𝐴𝑐𝑒𝑙𝑙 is computed by

		12.3.2 The probability of casualty is 𝑝𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦=𝑗=0𝑁𝑐𝑒𝑙𝑙𝑠𝐶𝐴𝑐𝑒𝑙𝑙𝑗/𝐴𝑐𝑒𝑙𝑙𝑗, and the probability of impact is computed separately, which and is evaluated over the population center area 𝐴𝑝𝑜𝑝.

		12.3.3 This probability 𝑝𝑖𝑛𝑗𝑢𝑟𝑦 depends on the body part(s) that are struck by hazardous debris, the type of person (male, female, adult, child), the impact velocity of the fragment, and the mass of the fragment. A partitioning of the body into parts where injury can at a minimum lead to a serious casualty, might include the head, chest, abdomen, legs, and thorax, but not arms. Hazard area cells may be associated with locations within which a particular body part is struck, and so do not need to be square shape but can assume any convenient shape.

		12.3.4 The fragment shape also affects the degree of injury. To be conservative, fragments should be modeled as spheres, which tend to produce the highest probability of injury, although in some situations a plate shape may have higher risks. For a range of fragment masses, sample 𝑝𝑖𝑛𝑗𝑢𝑟𝑦 curves are shown in Figure 2 of this AC for vertical impacts to the head, in Figure 3 for horizontal impacts to the chest, in Figure 4 for horizontal impacts to the abdomen, and in Figure 5 for horizontal impacts to the legs. These curves are for localized blunt injury impacts for a typical person in the public. They only account for direct hits to the body and ignore any secondary injury to other body parts, such as if the person is knocked to the ground. For masses not shown in the figure, linear interpolation should be used between curves, and the bounding curves at the far left and right used instead of extrapolation. Small fragments may have a higher probability for skin penetration, while larger fragments for crushing. Larger fragments may also knock a person down causing secondary injuries when the person strikes the ground.

		12.4.1 Direct Hazard Area.

		12.4.2.1 The contact with the Earth’s or waterborne vessels’ surface should account for changes in the rotation rate of the fragment. During initial approach of the fragment, the angular speed can be assumed to be zero, which results in the angle of reflection equal to the angle of incidence. Conservation of momentum should be applied during contact with the surface to determine the post-bounce angular rate. The angular rate can be assumed to remain constant while the fragment is airborne and should be applied on subsequent bounces to compute the next angle of reflection.

		12.4.2.2 The elliptical path, formed by the fragment’s trajectory between bounces, should be tracked to identify which body parts are struck both during the ascent and descent to convert to effective casualty area. In the absence of data on the average height of exposed persons, a height of a five feet should be used when accounting for areas where a fragment bounce over a person’s head and poses no hazard. The bouncing phase of the fragment should stop when the maximum rebound height drops below a threshold, such as 0.5 feet.



		12.6.1 Hazardous debris that impacts the floor surface directly under the roof may penetrate the next floor level and cause potential injury to people two levels below the roof, and so on. Hazards tend to diminish the farther down a floor is from the roof. This means that risk values can be reduced by computing it for all floors in a building where people reside. However, it becomes more of a challenge to obtain accurate risk values for the lower floors beyond two or three down. As a tradeoff, risks can be evaluated for just some of the uppermost floors, and then to account for people in lower floors a conservative approach is to move them up to the lowest level that is being considered. It is acceptable to place everyone in the uppermost floor, although excessive risk might result and there might be greater chance that the thresholds are exceeded.

		12.6.2 The sheltering model should account for variability of the fragment and building parameters. It can be assumed that a uniform impact probability distribution is applicable for the impact points on a roof. To avoid dealing with the orientation of a person as that person is struck, a conservative approach is to model only vertical head impacts. If extended roof hazardous debris, e.g., a beam, impacts a person, then its orientation should be accounted for when it strikes the head.

		12.6.3 Typically, it is not necessary to evaluate individual buildings. Instead, a small number of building classes can be defined to assess the protection afforded to sheltered persons. Unique buildings, particularly in the immediate launch vicinity, may need to be decomposed into sections corresponding to the representative buildings. If a specific building is not represented by a class, then a separate analysis needs to be performed on it. A representative building can be modeled without any bounds on the roof size. If the resultant effective casualty area is larger than the roof of the actual building it is being applied to, then the area should be cropped to that roof size.

		12.6.4 The four roof classifications represented in Table 4 of this AC were analyzed for penetration by six ballistic coefficient classes for the hazardous debris. The hazardous debris were assumed to impact the roofs at terminal velocity and had weights ranging from 0.1 lb. to 10,000 lb. The resulting effective casualty areas for people in the top floor of the structures impacted by inert hazardous debris are shown in Figure 7 through Figure 10. Each figure provides the effective casualty area for a given roof-type as a function of fragment weight in each of the beta classes.

		12.6.5 The effective casualty areas in the figures are based on many impact points over a roof for each fragment weight and roof type. In some cases, penetration will not occur every time, because the fragment is stopped by the joist supporting the surface. The average effective casualty area accounts for the contributions of those cases where there is no penetration.

		12.7.1 Several sources of casualty should be considered for inert hazardous debris impacts on ships as described in the reference [22] of paragraph 3.4 of this AC. The effective casualty area should account for injuries to people from direct strikes, deck penetration, hull penetration, and onboard fuel explosions. The most severe is a catastrophic event that is defined as one leading to a large number of casualties or a loss of ship. One catastrophic event that should be evaluated is a ship sinking due to hull penetration.

		12.7.2 If the ship’s hull is penetrated by hazardous debris and causes significant hull damage resulting in a catastrophe (e.g. sinking), and the estimated time to rescue the ship occupants exceeds the time they would be expected to survive without serious injuries, then the effective casualty area should be set to the maximum possible value, (i.e. to that of the ship area: 𝐶𝐴 =𝐴𝑠ℎ𝑖𝑝). An inert fragment will penetrate the hull if it has sufficient impact kinetic energy and mass. If the speed of a ship is significant relative to the impact speed of a fragment, the impact velocity of the fragment relative to the ship may need to account for the ships speed.

		12.7.3 Table 5 of this AC provides thresholds for hull damage based on the size of the ship. The effective casualty area should be set to zero if both criteria listed in the table are not satisfied for a given ship size, and then other sources of casualty should be evaluated.

		12.7.4 Another catastrophic event is an explosion/fire from stored fuel being ignited by tank penetration or a collapsing deck. Ships tend to store fuel below the cabin or deck. A determination should be made of the total area 𝐴𝑓𝑢𝑒𝑙 that could be penetrated leading to ignition and subsequent explosion of the fuel. If the fuel is ignited, then the effective casualty area should be set to the fuel storage area: 𝐶𝐴𝑓𝑢𝑒𝑙 =𝐴𝑓𝑢𝑒𝑙.

		12.7.5 An inert fragment will penetrate the deck if it has sufficient kinetic energy and weight.

		12.7.6 Table 6 of this AC provides thresholds for deck damage based on the size of the ship. The effective casualty area should be set to zero if both criteria are not satisfied for a given ship size.

		12.7.7 The analysis should assume that the location of people on the ship or below deck is not coincident with that of the fuel storage area. The effective casualty area that accounts for both fuel explosion and casualty hazardous debris should be the sum 𝐶𝐴=𝐶𝐴𝑑𝑒𝑏𝑟𝑖𝑠+𝐶𝐴𝑓𝑢𝑒𝑙. Replace the sum with the ship area if the latter sum is smaller.

		12.7.8 For unsheltered people, 𝐶𝐴𝑑𝑒𝑏𝑟𝑖𝑠 is evaluated in the same method used in paragraph 12.1.1 of this AC. If the deck is not penetrated, then 𝐶𝐴𝑑𝑒𝑏𝑟𝑖𝑠 includes the contributions from a direct hit, as well as bounce and roll. If the fragment penetrates the deck, then 𝐶𝐴𝑑𝑒𝑏𝑟𝑖𝑠 only accounts for the direct hit and ignores the bounce and roll. For people below deck, Table 6 may be applied to determine if the hazard exists. Since ship decks tend to be strong material, the effective casualty area should be set to three times the projected hazardous area of the fragment 𝐶𝐴𝑑𝑒𝑏𝑟𝑖𝑠=3𝐴𝑓𝑟𝑎𝑔𝑚𝑒𝑛𝑡 to account for secondary hazardous debris if deck penetration occurs.

		12.8.1 The application of vulnerability that leads from a casualty area to an “effective” casualty area comes from both the aircraft and the people on board. The term “aircraft vulnerability” refers to the combination of the two sources. The aircraft may be modeled as a rectangular box with top area 𝐴𝑡𝑜𝑝, front area 𝐴𝑓𝑟𝑜𝑛𝑡, and a side area 𝐴𝑠𝑖𝑑𝑒. The side area can be ignored because almost all fragments are likely to strike the front or top of the aircraft, and only graze the aircraft sides.

		12.8.2 Applying aircraft vulnerability, the casualty area is reduced to the effective casualty area, and the corresponding volume swept out leads to a projected vulnerability volume. When the aircraft is moving through a hazardous debris cloud, the aircraft consequence probabilities should be summed over a series of snapshot times when both the aircraft and hazardous debris cloud are frozen. The projected vulnerable volume is the space that the aircraft’s projected vulnerable area sweeps out during the time interval 𝛥𝑡 between snapshot times,

		12.8.3 The vulnerable area of an aircraft depends on the fragment’s mass, size, and shape. Models to compute 𝑉𝑢𝑙𝐴𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 for aircraft are called the Probabilistic Aircraft Vulnerability Models (PAVM). A full discussion and details of the modeling process is given in reference [24] of paragraph 3.4 of this AC. The models consider potential hazardous debris damage and penetration of components of the aircraft, and apply human vulnerability models to evaluate serious injury for passengers. Rather than treat each fragment type individually, a conservative approach may be taken to model the hazardous debris fragments as steel cubes.

		12.8.4 Above the maximum mass for which a PAVM is valid, the full size of the aircraft is used:

		12.8.5 Below 300 grams, PAVM models have been developed for several aircraft types. Figure 11 of this AC, presents curves of 𝑉𝑢𝑙𝐴𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 for three classes of aircraft. These curves assume terminal velocity for the hazardous debris cloud fragments moving only in a vertical direction and aircraft flying only in the horizontal direction. For all other aircraft, all debris larger than one gram should be considered catastrophic. The reference [22] of paragraph 3.4 of this AC provides additional details on the proper use of these aircraft vulnerability models.

		12.10.1 Characterizing the hazard from a blast wave that results from the impact of an explosive propellant fragment, requires the TNT equivalent yield of the explosive. Yield Y is the TNT equivalency of an explosive propellant weight w.

		12.10.2 These parameters are related through a “TNT equivalency factor” 𝑌=𝐹𝑇𝑁𝑇𝑤.

		12.10.3 An accurate means to evaluate the consequences of an overpressure wave on people is to compute the peak overpressure 𝑃𝑑 and impulse 𝐼𝑑 of the blast overpressure wave at a distance d from the impact point.

		12.10.4 To convert yield into these parameters, it is convenient to use the scaled distance 𝑑𝑠𝑐𝑎𝑙𝑒𝑑=𝑑/𝑌1/3.

		12.10.5 The peak overpressure as a function of scaled distance may be obtained from Figure 12, and impulse as a function of scaled distance, in units of ft/lb1/3, may be obtained from Figure 13 of this AC. The reference listed as [14] of paragraph 3.4 of this AC provides further information.

		12.10.6 These curves have been in use for decades by the Federal Ranges. A publication search may uncover various versions of updated curves that have been published since then, and with proper justification can be used as replacements to gain more accuracy.



		12.11 Liquid Propellant Yield.

		12.12 Solid Propellant Yield.

		12.12.1 Uncontained propellant hazardous debris created during vehicle breakup should account for any loss of weight and change of shape during the ballistic fall due to burning. A determination should be made if the propellant is burning once ballistic fall commences, and if it snuffs out prior to impact. Snuff-out models depend on the propellant type and consider local air density and fragment speed. Fragments that are not initially burning may be assumed to remain non-burning during free-fall. The fragment weight and ballistic coefficient should be updated as burning occurs, and the ballistic trajectory should be based on the evolving weight and ballistic coefficient values.

		12.12.2 For HD 1.1 impacts, yield factor FTNT values for various surface types can be read from Figure 15. This plot indicates that the factor will either be 0 or 1.25. These curves make no distinction of whether the propellant is in a contained motor, its impact orientation, or uncontained hazardous debris created at vehicle breakup.

		12.12.3 For HD 1.3 propellant impacts, the appropriate yield model should account for the form of the solid propellant fragment. Three types of solid propellant fragments should be considered: contained motors, small uncontained chunks of hazardous debris created at vehicle breakup, or large uncontained pieces created at vehicle breakup that are shaped as a Cylindrical Annulus Sector (CAS).

		12.12.4 Yield factors for intact motor segments that impact on sand in a side-on orientation may be obtained from the curves in Figure 16, where the segment sizes are measured by the lateral diameter of the motors. If the yield factor associated with the desired motors is not those presented in the figure or are not available, then the curves in Figure 16 can still be used. For other motor diameters between 41” and 146”, linearly interpolate between the nearest bounding curves. For diameters outside the range, use the closest bounding curve and do not extrapolate. For surface types other than sand or soft soil impact, adjust the impact speed by:

		𝑣=𝑣𝑖𝑚𝑝𝑎𝑐𝑡𝐹𝑠𝑢𝑟𝑓𝑎𝑐𝑒 



		12.12.5 Finally, for all intact motor orientations other than side-on, the conservative approach is to employ the side-on curves.

		12.12.6 Propellant chunks may be modeled as cubed shaped. To get yield factors, Figure 17 of this AC can be used where the cube size is measured by the length of any of its edges. For other cube dimensions between 18” and 30”, linearly interpolate between the nearest bounding curves. For dimensions less than 18”, linearly interpolate using the 18” curve and zero values. Use the 30” curve for dimensions larger than 30” and do not extrapolate. For other surface types, apply the same impact speed correction as with the intact motors.

		12.12.7 The third shape case is impacts for uncontained propellant cylindrical annulus sectors. Apply the yield factors in Figure 18 for a CAS that subtend an angle of 120 degrees, and whose length is a half that of the origination motor. This means that the total propellant inside a motor will be modeled as six such CAS fragments. The diameters referenced in the figure’s legend are those of the originating motor. For other surfaces and diameters, apply the same rules as given for the intact motor. For smaller lengths and subtended angles, but still forming a CAS, a conservative approach is to use the curves in Figure 18. For larger lengths and angles, the conservative approach is to use the intact motor yield factor curves, although the creation of such dimensions is unlikely.

		12.12.7.1 The curves in Figure 17 and Figure 18 are given in tabular form in AC 450.137-1, Distant Focusing Overpressure Risk Analysis.





		12.13 Sympathetic Yields.

		12.13.1 A second situation is when one motor or engine explodes on impact but at least one other motor or engine, of the same propellant composition, remains intact. If the intact motor or engine then explodes due to being struck by induced ejected hazardous debris from the exploding motor or engine, then the yield from the initially intact motor or engine should be computed separately from the others.

		12.13.2 A third situation is when motors or engines of the same propellant composition explode near each other. The first motor or engine that explodes may cause a sympathetic reaction of the second motor or engine, due to the shock wave, leading to its detonation at the same time. A single yield can be computed using a combined propellant weight if the shock wave pressure distance between the motors or engines is small enough. An evaluation should be done, based on distance between the motors or engines and structural properties of the second motor or engine, to determine if the blast wave overpressure on the second motor or engine exceeds its threshold for detonation. If insufficient information exists for such an evaluation, then a conservative approach is to combine the propellant weights and use this as a single yield.

		12.14.2 The maximum radius of the fireball depends on the type of liquid propellant. The following expressions may be used where the radii are given in feet, and W is the impact liquid propellant weight in pounds:

		𝑟𝑓𝑖𝑟𝑒𝑏𝑎𝑙𝑙            =5.02𝑊0.316    𝐿𝑂𝑋/𝑅𝑃−1 𝑟𝑓𝑖𝑟𝑒𝑏𝑎𝑙𝑙=5.52𝑊0.306    𝐿𝑂𝑋/𝐿𝐻−2 𝑟𝑓𝑖𝑟𝑒𝑏𝑎𝑙𝑙=4.43𝑊0.316    𝐻𝑦𝑑𝑟𝑎𝑧𝑖𝑛𝑒 



		12.14.3 For all liquid types that do appear in this list, a conservative model to use is the LOX/LH-2. If a person is inside the maximum fireball radius, then the person is considered a casualty. Outside, the probability of casualty is partly due to second degree burns, and diminishes by distance based on the fireball duration and emissivity of the fireball. When a person experiences 2nd degree burns over 20 percent of their body, the person is considered to be a casualty. The probability of casualty from the fireball will need to be combined with that from the blast wave created from the explosion (discussed in the next subparagraph).

		𝑝𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒=𝑛=0𝑁𝑐𝑒𝑙𝑙𝑠𝑝𝑛𝑖𝑚𝑝𝑎𝑐𝑡×𝑃𝐶𝑑𝑛



		12.15.1 The sum should include all cells with 𝑃𝐶𝑑 above 1x10-6.

		12.15.2 The blast wave injury to people is dominated by the effect on four body parts: the lungs, gastrointestinal (GI) tract, larynx, and eardrum. Figure 19 presents probability of casualty curves for these body parts. The curves associated with the 50 percent casualty thresholds should be used to create the corresponding PC curves for a given impact event. A person may suffer one or more of the injuries. The following expression should be employed to obtain the total probability from all sources at a given distance “d”:

		12.15.3 For liquid tank impacts, use a probability of one inside the fireball radius and the blast wave probability outside the fireball radius.

		12.16.1.1 A Monte Carlo simulation may be performed to sample impact roof locations, and account made if any joists or beams are at, near, or away from the impact points. Effective casualty area related curves as a function of yield, for these general roof types for a range of roof sizes, are shown in Figure 23, Figure 24, and Figure 25. Roof areas are in units of square feet, and the vertical axis is the ratio of the effective casualty area to the modeled roof area. Wood roof curves are a conservative selection for applying to roof types other than those shown. For a roof area less than 960 ft2 the far-left curve should be used, and for areas larger than 86,640 ft2 the far-right curve.



		12.17.1 The flame from a stationary piece of burning propellant can be modeled in the shape of a cylinder whose base is the cross-section area of the solid propellant chunk, i.e. the fire area, and whose length is the flame height. The reference listed in [12] of paragraph 3.4 of this AC provides further information. The flame over the burning propellant chunk forms a cylinder whose radius is that of the fragment, 𝑟𝑓.

		12.17.2 For an HD 1.3 propellant type, the flame height in feet is computed by: 

		𝐻𝑓𝑙𝑎𝑚𝑒= 0.77𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑒0.4−2.04𝑟𝑓



		12.17.3 The expression for computing the rate is:

		𝑄𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑒= 𝑚4467𝐴𝑓(1−𝑒−5.4𝑟𝑓)



		12.17.4 When a person experiences 2nd degree burns over 20 percent of their body, the person is considered to be a casualty. The conduction heat rate can be used to determine when a 50 percent probability of 2nd degree burn occurs. The reference for this information is [22] of paragraph 3.4 of this AC.

		12.17.5 The quantity 𝑡∗𝑞4/3 is referred to as the “heat load.” The heat flux q is in units of W/m2 and computed by:

		𝑞4/3=𝑡−3/8×5.38×10−0,005𝑟𝑓



		12.17.6 Representative curves of floor fire effective casualty areas for 2nd degree burns as a function of heat load are given in Figure 26. The room is modeled as circular and the only room in the building. A conservative assumption was made that the people are trapped and cannot escape to another room or outside the building. The curves depend on the ratio of the flame height over diameter of the fire area, H/D.

		𝑝𝑐𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒=𝑛=0𝑁𝑐𝑒𝑙𝑙𝑠𝑝𝑛𝑖𝑚𝑝𝑎𝑐𝑡×𝑃𝐶𝑑𝑛



		12.18.1 The sum should include all cells with 𝑃𝐶𝑑 above 1x10-6.

		12.18.2 The blast wave strikes the side of the building and both the breakup of the walls and windows should be evaluated for injury to people inside the building. The reaction of the building should consider both the peak overpressure and impulse of the blast wave. Walls of buildings will be subjected to different blast loading depending on the orientation of the building to the blast wave. To be conservative, shards produced by window damage should be modeled as entering the room without obstruction by drapes or other obstacles. The injury from both the wall and windows can occur together. At any given impact distance, the total probability of casualty of a person inside the building is given by

		12.18.3 Since analyzing every individual type of building is impractical, a small set of representative buildings may be evaluated instead. This requires defining classes of wall and window types. Table 6 of this AC contains a list of general building categories and their construction materials that may need to be evaluated. General wall types that should be represented are wood, metal, masonry, and concrete.

		12.18.4 The degree of injury to people inside a building depends on the wall’s level of resistance to the blast wave, the size of the floor plan of the building, and the characteristics of the hazardous debris that is generated when the wall is damaged. There are too many variables here to provide a suggestion for a conservative choice of what probability of casualty curves to apply for a building not accounted for by curves that are already on hand. Figure 24 of this AC presents an example of a series of curves that range in probability of casualty from 0.1 percent to 100 percent for a small wood structure that is common among houses. Similar curves may need to be created to describe other building types since those in Figure 27 of this AC are not necessarily the most conservative that such curves can be.

		12.18.5 The red arcs that move from the lower left-hand side to the upper right-hand side correspond to specific impact yields and trace out the peak overpressure and impulse values as a function of the distance of the impact point to the wall of the structure.

		12.18.6 For computing probability of casualty from window breakage, the rows of Table 7 present a survey of window types that the buildings are likely to have. Annealed windows are the most sensitive to blast waves while tempered windows are the strongest. Thus, it is conservative to treat all windows as annealed if more appropriate results are not available.

		12.18.7 An example of the probability of casualty curves for a large annealed window is shown in Figure 28. As with the wall curves, these are curves that are not the most conservative, and so other curves may need to be generated for the other window types.

		12.18.8 The acronym GAR stands for Glass-to-Area ratio, which is defined as area of the glass in the window to the floor area: 𝐺𝐴𝑅=𝐴𝑔𝑙𝑎𝑠𝑠/𝐴𝑓𝑙𝑜𝑜𝑟. The curves are shown for a 𝐺𝐴𝑅=14.5%. For buildings with other GAR values, the probabilities from the curves can be rescaled through the general expression:

		 𝑃𝑤𝑖𝑛𝑑𝑜𝑤𝑑=𝐺𝐴𝑅𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝐺𝐴𝑅𝑔𝑒𝑛𝑒𝑟𝑖𝑐𝑝𝑔𝑒𝑛𝑒𝑟𝑖𝑐𝑤𝑖𝑛𝑑𝑜𝑤𝑑.

		12.18.9 Note that the horizontal overpressure axis does not extend far enough to the right to reach large probability of casualty values. However, it is not necessary to plot out any farther since the wall probabilities have reached a value of one and the contribution from windows is no longer relevant.

		12.19.1 The first contribution corresponds to the relative area on the ship deck where people are seriously injured from an explosion of a propellant that impacts the ship. The second contribution is the area around the ship for propellant explosions in water impacts that lead to casualties on the ship. Both casualties refer to the same people on the ship, but to different impact locations of the propellant. 

		12.19.2 The probability of consequence is given by the sum 

		12.19.3 The effective casualty area for water impacts depends on how close the propellant explodes from the ship. Table 8 of this AC provides the maximum distance 𝑟𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦 from the ship, as a function of ship length, that the propellant can impact and cause casualty. The yield values to apply for using the table should be computed for water surface impacts, and with side-on orientation for SRM segments and CAS.

		12.19.4 Modeling ships as a rectangle, of length L and width W, the water effective casualty area is given by 𝐶𝐴𝑤𝑎𝑡𝑒𝑟=𝜋𝑟𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦2+2𝑟𝑐𝑎𝑠𝑢𝑎𝑙𝑡𝑦𝐿+𝑊

		12.19.5 For ship impacts and people below deck, Table 9 of this AC may be used to get the effective casualty area 𝐶𝐴𝑠ℎ𝑖𝑝. The yield values to apply in the table should be computed for steel surface impacts, and with side-on orientation for SRM segments and CAS.

		12.19.6 For ship impacts and people on deck, the blast overpressure wave profile should be applied. This profile may be reduced to an effective casualty given by the following equation, which is a sum over ring areas by the probability of casualty within the corresponding ring.

		12.20.1 An open-air solid propellant fragment burns with hazardous combustion products, while a liquid or hypergolic tank may explode or break open and leak toxic chemicals. In the liquid case, the exposed liquids will evaporate, and in either case, the gases will form a toxic cloud plume that is directed away from the impact point by the wind. High wind speeds create narrow plumes, while weak winds produce a wider cloud. Anyone who is exposed to the toxic cloud within a threshold distance from the spill, and the cloud’s lateral span that is a function of distance, should be considered a casualty. A toxic release hazard analysis must be performed in accordance with § 450.139(c). This distance is based on the burn-time of the solid propellant fragment, evaporation rate of the liquid, time since the spill occurred, chemical type, and exposure time to the person. The threshold distance for people in buildings is less than for people in the open. People in buildings are not exposed to the same toxic level from the plume, compared to a person standing outside, because a smaller amount will seep in over the same period.

		12.20.2 The probabilities of casualty for a population center and propellant impact are correlated. The impact space should be divided into cells such that the probability of impact within each cell is close to uniform. The net probability of casualty for a given site is the sum:

		12.20.3 A high-level discussion of the hazards from toxic clouds is given in Chapter 5 of reference [1] of paragraph 3.4 of this AC. The references at the end of that chapter can assist in determining the length and width of the plume. Other details that involve the nature of toxic chemicals are in AC 450.139-1, Toxic Hazards Analysis and Thresholds.

		12.22.1 A basis for a list of secondary fragments should be evaluating similar events. There are few historical cases for launch or ballistic vehicles, which limits the sources that may be useful to other vehicles. Although not as directly applicable, there have been dozens of airplane crashes that produced secondary-hazardous debris scatter. Since creation of a proper secondary-fragments list from these cases is problematic, an acceptable alternative is to try to map out the hazardous scatter field and set probability of casualty as either 1 or 0. These selections should account for whether people are in the open or the type of building in which they reside. The probabilities of casualty for a site and intact vehicle impact are correlated. The impact space should be divided into cells such that the probability of impact within each cell is close to uniform. The net probability of consequence for a given population center is the sum, which applied the fact that PC is either 1 or 0.

		12.23.1 The hazardous debris fragment lists from the secondary fragments are not the same as when vehicle breakup occurs while in flight. Properties of the fragments, such as the mean and distribution of sizes, weights, and areas should be constructed. The weights and areas are used to compute ballistic coefficients of the fragments. The mechanism of the propellant explosion for a surface impact has different physics than from the vehicle’s destruct system. At present, there are no recommended models for this purpose.

		12.23.2 The risk from the secondary hazardous debris may be determined through a Monte Carlo analysis. The individual event scenario events select different characteristics of the fragments from the distributions, (i.e., speed, direction, and weight). Each event scenario should trace the trajectory of all ejected fragments. Atmospheric drag and wind can be ignored when generating these trajectories. For various distances away from the impact point, statistics should be kept of the probability of casualty.

		12.23.3 The consequence for a breakup of an impacting propellant tank should be represented as a probability of casualty versus distance curve, 𝑃𝐶𝑑. The explosion tends to overwhelm the pre-impact conditions, leading to the fragments being thrown equally in all directions as a function of distance. The probabilities of casualty and impact are correlated. The impact space should be divided into cells such that the probability of impact within each cell is close to uniform. The net probability of consequence for a given population center is the sum of

		12.23.4 The sum should include all cells with 𝑃𝐶𝑑 above 1x10-6.





		13 RISK COMPUTATION.

		13.1.1 The hazardous debris risks for a mission are expressed in several forms. These are:

		13.2.2 The basic equation for casualty expectation 𝐸𝐶𝑖𝑗𝑘 for fragment class i, population center j, and the kth generating event (jettisoned hazardous debris or a given failure mode occurring at a given failure time), is given by

		13.4.1 A population center is a populated place with a known location at launch time. This includes people in the open at a specified location, occupied buildings/structures, and vehicles. Vehicles could include road vehicles (cars, trucks, busses), trains, and waterborne vessels (aircraft are normally protected by clearing them from aircraft hazard corridors during a mission). Road vehicles can be accounted for by determining road traffic density at “population centers” placed at multiple locations along roads. Generally, the risks to trains, waterborne vessels, and aircraft are controlled (mitigated) by defining hazard areas or corridors (such as Notices to Airmen, see Chapter 14 of this AC) and controlling their locations during a launch such that the risks are sufficiently small and considered to be acceptable. 

		13.4.2 Hazard areas are designed to protect these populations. However, if a train and/or a waterborne vessel will be in a hazardous area, and its location(s) during the operation are known, risks to their occupants need to be included in the risk analysis in accordance with § 450.135(b)(4)(i). They should also be included during a launch countdown risk analysis when it is known that a train or a waterborne vessel has violated its hazard area, with the projected location of the train or waterborne vessel used to compute the risk.

		13.4.3 While it is unusual for an aircraft to be in a hazard corridor, and it is likely not possible to define a fixed aircraft location, it may be necessary to assess the risks to aircraft in accordance with § 450.133(d) traffic through a hazard corridor during a launch countdown. This would require a special analysis to compute the impact probability, which should involve the use of 4-dimensional hazardous debris distributions (3 dimensions in space, plus time).

		13.4.4 For an explosive fragment hazarding a population center, the probability of impact needs to consider that the fragment need not physically impact the center to cause casualties. This could also be the case for a liquid propellant tank creating a fireball, or secondary hazardous debris from an exploding tank or motor. An explosive fragment can impact the ground outside the boundaries of a population center, such that overpressure loading (peak overpressure and impulse) at the population center are sufficient to cause casualties (see paragraph 13.2 of this AC). This can occur for people who are unprotected (in the open) or within a structure. Thus, for explosive hazardous debris, the area around and including a population center should to be overlaid on a grid and impact probabilities computed for each grid cell. Casualty expectation 𝐸𝐶𝑖𝑗𝑘 will then need to be computed for an explosive fragment impact in each of these cells (with the probability of impact for each cell obtained by integrating the impact probability distribution for the explosive fragment over the area of the cell), and the resulting 𝐸𝐶𝑖𝑗𝑘 values for the cells summed over all cells.

		13.4.5 The concept is illustrated in Figure 29. In this figure, the area encompassing the population center is gridded to create “impact cells.” The grid extends out from the population center to include all the area within which the explosive fragment could impact and significantly contribute to the EC for the center. An explosive fragment is shown as impacting in a specific cell, with the rings denoting decreasing levels of overpressure loading with distance from the impacted cell centroid. EC for the population center is computed (using the consequence model for explosive hazardous debris, see paragraph 13.2 of this AC) for the impact occurring in the cell, using the cell impact probability 𝑝𝑖𝑗𝑖𝑚𝑝𝑎𝑐𝑡. This is then repeated for all impacted cells and the results summed to obtain the total EC for the population center.

		13.4.6 For a large population center, often referred to as a region, where there are various shelter levels (including people in the open) distributed over the region, a second grid should be defined that partitions the population center into grid cells (call this the population grid). The reason for this is that the overpressure loads for a given explosive fragment impact location can vary significantly over the population center. In this case, the EC should be computed for an explosive fragment impact in each “impact cell” for each of the cells in the population grid, and these values summed to get the total EC for the impact cell. This is then repeated for all impact cells and the results summed to get the total EC to the population center for the explosive fragment.

		13.6.1 The consequence should be measured by the casualty expectation in uncontrolled areas (defined in § 407.1) for any failure mode occurring during any significant period of flight, with an important threshold at 1 × 10-3 set in § 450.101(c)(2).

		13.6.2 Since 𝐸𝐶𝑘 includes the probability of occurrence for hazardous debris generating events 𝑝𝑘𝑓𝑎𝑖𝑙𝑢𝑟𝑒, the 𝐸𝐶𝑘 are the contributions to the total mission casualty expectation accounting for the probability that the hazardous debris generating event has occurred. Thus, to obtain the casualty expectation 𝐶𝐸𝐶𝑘 for the hazardous debris generating event given that the event has occurred, (i.e., is conditional on the event having occurred), the probability of the event 𝑝𝑘𝑓𝑎𝑖𝑙𝑢𝑟𝑒 needs to be removed as shown below:

		13.7.1 Collective risk represents the total risk to all individuals exposed to all the hazards that could result from a mission. It provides a measure of the risk to everyone potentially exposed. In the launch and reentry industry, risk is usually quantitatively expressed in terms of expected casualties (EC, also referred to as “casualty expectation”). EC is the expected average number of human casualties incurred per launch or reentry mission. When the human casualties contemplated are limited to just those incurred by members of the public, EC for a mission measures the public safety risk of conducting the mission. EC is usually computed separately for each of the hazards, and these are added to obtain a conservative estimate of total collective risk.

		13.7.2 In general, aggregated risk, collective and individual, must account for the three principle launch hazards: hazardous debris (which includes inert and explosive debris), far-field overpressure blast effects (which is commonly referred to as distance focusing overpressure (DFO)), and toxic release, in accordance with §§ 450.101(a)(1) and (a)(2). The total casualty expectation is generally estimated by summing the total (accumulated) casualty expectation from each of the hazards posed by a mission. Although this AC only addresses methods for computing the risk for hazardous debris, the total casualty expectation for the hazardous debris hazard will need to be combined with the values computed for DFO and toxic release to obtain the aggregate risk to be compared with FAA risk criteria per § 450.101(a)(1)(i).

		13.7.3 The total collective risk results for a mission should include:

		13.8.1 Availability Study.

		13.8.2 Countdown Analysis.



		14 FLIGHT HAZARD AREA DEFINITION.

		14.4.1 There are several considerations when defining grid dimensions. The guiding principle is that they must contain, with 97 percent probability of containment, all debris resulting from normal flight events capable of causing a casualty to satisfy requirements §§ 450.133(b)(1), 450.133(c)(1), and 450.133(d)(1). The grid dimensions should contain the casualty producing IIPs, at the grid altitude level, of the normal trajectories. They should also contain most, but not necessarily all, the casualty producing IIPs of the failure and planned event IIPs. The IIPs are used to create impact dispersions (see chapter 9 of this AC).

		14.4.2 Several techniques can be applied to generate containment areas from calculated impact dispersions. Acceptable techniques include binning the impacts (empirical distribution or a 2-dimensional histogram) as discussed in paragraph 11.4 of this AC; kernel density estimators reference [18] of paragraph 3.4 of this AC; or using parameterized distributions such as a bivariate normal distribution or other distributions as discussed in paragraphs 11.2 and 11.2.1 of this AC. Scatter plots may assist in selecting the appropriate choice. Histogram-based approaches will result in discrete contours, while other approaches will yield continuous contours. Each approach has its advantages and disadvantages in terms of computational cost and accuracy. For example, twodimensional histograms generally require many more samples to estimate the likelihood of low probability events than histograms. The analysis should include some justification as to the applicability of the specific approach adopted.

		14.4.3 Not all the IIPs may be within the 97 percent containment level of the dispersions. Alternatively, the 97% containment level may reach far beyond any the IIPs. Thus, it may be necessary to display the 97 percent containment levels to ensure that grid boundaries meet the requirements. A grid cell should not be so large that it contains over 99 percent of the casualty producing impact dispersions that overlap it, and more desirably under 10 percent, to avoid issues of accuracy.

		14.4.4 In the case of bivariate normal distribution for a single fragment, the “sigma” level corresponding to a confidence level CL=97 percent is 2.64=−2𝑙𝑛⁡(1−𝐶𝐿). If a normal flight event generates more than one fragment, then the containment should be the 97 percent confidence containment of all resulting fragments.

		14.5.1 A range of waterborne vessel types that could be present in the hazard area should be used for hazard evaluation purposes. Each vessel type will be assigned to a specific grid(s) to compute risks. Casualty producing impacts to waterborne vessels result from blast and inert hazardous debris. At each grid vertex, the probability of casualty to an individual is computed by applying the waterborne vessel consequence models discussed in paragraph 12.7 of this AC. In accordance with § 450.133(e)(2)(iii), two sets of contours must be drawn that correspond to individual risk thresholds as provided in requirements §§ 450.101(a)(2) or (b)(2). The first set is the 1×10-6 individual probability of casualty contours for all selected waterborne vessel types, to represent the threshold for a member of the public. The second is the 1×10-5 individual probability of casualty contours for all selected waterborne vessel types, which represents the threshold for neighboring operations personnel. In accordance with § 450.161(a), an operator must publicize, survey, control, or evacuate the area within these contours prior to initiating flight of a launch vehicle or the reentry of a reentry vehicle to ensure compliance with § 450.101(a)(2) or (b)(2).

		14.5.2 Each set of contours should be enveloped by a polygon, which does not have to touch any of the contours, as it is common practice to add a buffer zone. When there are islands of contours, separate disjoint polygons may be created. Simpler polygons are preferred to avoid placing unduly complex requirements with which waterborne vessel operators should adhere.

		14.6.1 A range of aircraft types that could be present in the hazard area should be used for hazard evaluation purposes. Each aircraft type will be assigned to a specific grid(s) to compute risks. At each grid vertex and altitude associated with a specific aircraft type, the probability of casualty to an individual is computed by applying the aircraft consequence models discussed in paragraph 12.8 of this AC. In accordance with § 450.133(e)(2)(v), representative 1 × 10-6 and 1 × 10-7 probability of impact contours are drawn for all debris capable of causing a casualty to persons on an aircraft, regardless of location.

		14.6.2 Each set of contours is enveloped by a polygon which does not have to touch any of the contours as it is common practice to add a buffer zone. When there are islands of contours, separate disjoint polygons can be created. Simpler polygons are preferred to avoid placing unduly complex requirements with which aircraft operators should adhere.

		14.6.3 In addition to these contours, aircraft hazard volumes are defined by a range of altitudes that apply to the selected aircraft. This should be from ground level to the highest relevant altitude, which is typically 60,000 feet.

		14.7.1 LHA-based contours are designed to protect people in the open. Casualty producing events result from blast, toxic releases, and inert hazardous debris events. At each grid vertex, the probability of casualty to an unsheltered individual is computed by applying the consequence models discussed in paragraphs 12.3 and 12.11 of this AC. In accordance with § 450.133(e)(2)(iii), two set of contours are drawn that correspond to the individual risk thresholds provided in §§ 450.101(a)(2) and (b)(2). The first set is at the 1x10-6 probability level for all applicable shelter types that could house a member of the public. The second set at the 1×10-5 probability level for all applicable shelter types that could house neighboring operations personnel. An enveloping polygon is drawn about each set of contours. The polygons do not have to touch any of the contours as it is common practice to add a buffer zone. When there are islands of contours, separate disjoint polygons may be created.
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1 PURPOSE. 
This Advisory Circular (AC) provides guidance for documenting and submitting a 
description of the methods used in a Flight Safety Analysis (FSA) in accordance with 
title 14 of the Code of Federal Regulations (14 CFR) § 450.115(c). Engineers 
developing and documenting engineering methods should use this AC to understand the 
requirements in § 450.115(c). Regulatory compliance leads should use this AC to ensure 
submissions thoroughly respond to requirements. FAA evaluators should use this AC as 
a guide to evaluate submissions. All readers should have a general understanding of 
flight safety analysis and of standards for scientific and engineering documentation. 


1.1 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. In addition, an operator may tailor the provisions 
of this AC to meet its unique needs, provided the changes are accepted as a means of 
compliance by the FAA. Throughout this document, the word “must” characterize 
statements that directly follow from regulatory text and therefore reflect regulatory 
mandates. The word “should” describe a requirement if electing to use this means of 
compliance; variation from these requirements is possible but must satisfy the 
regulation to constitute an alternative means of compliance. The word “may” describe 
variations or alternatives allowed within the accepted means of compliance set forth in 
this AC. 
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2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle operators required to comply 
with 14 CFR part 450. The guidance in this AC applies to operators seeking a launch or 
reentry vehicle operator license, a licensed operator seeking to renew or modify an 
existing vehicle operator license, and FAA commercial space transportation evaluators. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Applicable United States Code (U.S.C.) Statute. 


• Title 51 U.S.C. Subtitle V, Chapter 509, Commercial Space Launch Activities.  


3.2 Related Code of Federal Regulations. 
The following Title 14 CFR regulations should be accounted for when showing 
compliance with 14 CFR § 450.115(c). The full text of these regulations can be 
downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 
ordered from the Government Printing Office, Superintendent of Documents, Attn: New 
Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 450.35, Means of Compliance. 


• Section 450.45, Safety Review and Approval. 


• Section 450.101, Safety Criteria. 


• Section 450.108, Flight Abort. 


• Section 450.113, Flight Safety Analysis Requirements—Scope. 


• Section 450.117, Trajectory Analysis for Normal Flight. 


• Section 450.119, Trajectory Analysis for Malfunction Flight. 


• Section 450.121, Debris analysis. 


• Section 450.123, Population Exposure Analysis. 


• Section 450.131, Probability of Failure Analysis. 


• Section 450.133, Flight Hazard Area Analysis. 


• Section 450.135, Debris Risk Analysis. 


• Section 450.137, Far-field Overpressure Blast Effects Analysis. 


• Section 450.139, Toxic Hazards for Flight. 


3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars are available through the FAA website, Advisory Circulars 
(ACs) – AST. The following Advisory Circulars contain information about the specific 
content of a methods descriptions in flight safety analysis: 


•  AC 413.13-1, Guidance on Submitting a Complete Enough and Complete 
Application for a Vehicle Operator License, dated December 18, 2023. 


• AC 450.101-1B, High Consequence Event Protection, dated May 3, 2024. 
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• AC 450.108-1, Using Flight Abort Rule as a Hazard Control Strategy, dated July 7, 
2027. 


• AC 450.115-1B, High Fidelity Flight Safety Analysis, dated August 2, 2024. 


• AC 450.117-1, Normal Trajectory Analysis for Normal Flight, dated August 19, 
2021. 


• AC 450.123-1, Population Exposure Analysis, dated October 12, 2022. 


• AC 450.141-1A, Computing System Safety, dated August 16, 2021. 
Note: Additional ACs are planned for other flight safety analysis sections of the 
regulation. 


3.4 Additional References Related to Rigor of Flight Safety Analysis Methodology. 
1. National Institute of Science and Technology (NIST). NIST/SEMATECH 


e-Handbook of Statistical Methods, http://www.itl.nist.gov/div898/handbook/, April 
2012. 


2. Gelman, A., Carlin, J.B., Stern, H.S., Dunson, D.B, Vehtari, A., and Rubin, D.B. 
Bayesian Data Analysis (3rd ed.). Chapman and Hall/CRC, 2013, 
https://doi.org/10.1201/b16018. 


3. Department of Defense. Department of Defense Standard Practice: Documentation 
of Verification, Validation, and Accreditation (VV&A) for Model and Simulations. 
MIL-STD-3022 Change 1. 5 April 2012. 
https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=275961. 


4. Zang, Thomas A, Steve R Blattnig, Lawrence L Green, Michael J Hemsch, James M 
Luckring, Joseph H Morrison, and Ram K Tripathi. NASA Standard for Models and 
Simulations (M&S): Development Process and Rationale. NASA NTRS. July 2009 
https://ntrs.nasa.gov/api/citations/20090028626/downloads/20090028626.pdf. 


5. National Aeronautics and Space Administration (NASA). NASA Technical 
Standard, NASA-STD-7009B, Standard for Models and Simulations, March 2024 
https://standards.nasa.gov/standard/NASA/NASA-STD-7009. 


6. National Aeronautics and Space Administration (NASA). NASA Technical 
Standard, NASA-HDBK-7009A, NASA Handbook for Models and Simulations: An 
Implementation Guide For NASA-STD-7009, May 2019. 
https://standards.nasa.gov/standard/NASA/NASA-HDBK-7009. 


7. National Aeronautics and Space Administration (NASA). NASA Procedural 
Requirement, NPR 7150.2D, NASA Software Engineering Requirements, March 
2022. https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7150&s=2B. 


8. National Aeronautics and Space Administration (NASA). NASA Systems 
Engineering Handbook, February 2019. https://www.nasa.gov/reference/systems-
engineering-handbook/. 
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9. National Aeronautics and Space Administration (NASA). NASA Procedural 
Requirement, NPR 7123.1D, “NASA Systems Engineering Processes and 
Requirements,” July 2023. 
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B 


10. Aerospace Research Central. “Guide for Verification and Validation of 
Computational Fluid Dynamics Simulation.” AIAA G-077-1998, September1998. 
https://arc.aiaa.org/doi/epdf/10.2514/4.472855.001. 


11. The American Society of Mechanical Engineers (ASME). “Guide for Verification 
and Validation in Computational Solid Mechanics.” ASME V&V 10, ASME. New 
York, NY, August 2007. https://cstools.asme.org/. 


12. Shackelford, J.F., Han, Y.-H., Kim, S., & Kwon, S.-H. (2015). CRC Materials 
Science and Engineering Handbook (4th ed.). CRC Press. 
https://doi.org/10.1201/b18971 


13. NIST Digital Library of Mathematical Functions. National Institute of Standards 
and Technology (NIST). https://dlmf.nist.gov/. 


14. International Organization for Standardization (ISO). ISO 9001:2015, “Quality 
Management Systems Requirements,” September 2015. 
https://www.iso.org/standard/62085.html#lifecycle. 


15. Capability Maturity Model Integration (CMMI) Version 3.0.  
https://cmmiinstitute.com/ 
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4  DEFINITION OF TERMS.  
For this  AC, the terms, and definitions from § 401.7 and this list apply.  


4.1  Real-World System (RWS).  
An  actual  physical system  that has operated, is operating, or will operate  which a 
simulation  (e.g.,  a computer model)  emulates.   


4.2  Generally  Accepted.   
Described in standards published by Federal Government or recognized standards  
organizations, in textbooks that are widely used in educational settings, or  in widely 
cited  published documents (journal articles, books , etc.). 
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ACRONYMS. 


• 3DOF – Three Degrees of Freedom 


• AC – Advisory Circular 


• APA –American Psychological Association 


• AST – Office of Commercial Space Transportation 


• CFR – Code of Federal Regulations 


• CMMI –Capability Maturity Model Integration 


• CSE – Council of Science Editors 


• ECI – Earth Centered Inertial 


• FAA – Federal Aviation Administration 


• FSA – Flight Safety Analysis 


• FHA – Functional Hazard Analysis 


• IEEE – Institute of Electrical and Electronics Engineers 


• ISBN – International Standard Book Number 


• ISO – International Standards Organization 


• MIL-STD – Military Standard 


• MOC – Means of Compliance 


• MPL – Maximum Probable Loss 


• NASA – National Aeronautics and Space Administration 


• NIST – National Institute of Science and Technology 


• OMB – Office of Management and Budget 


• RWS – Real World System 


• URI – Uniform Resource Identifier 


• URL – Uniform Resource Locator 


• U.S.C. – United States Code 


• U.S. – United States 


• V&V – Verification and Validation 
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6 INTRODUCTION. 
Section 450.115 provides requirements that apply to all flight safety analysis 
regulations, from § 450.117 through § 450.139.  This AC primarily discusses paragraph 
(c) of § 450.115, which contains requirements for how a flight safety method must be 
described. § 450.115(c) is referenced by § 450.108 and each regulation section from 
§ 450.117 through § 450.135. 


6.1 Relationships between paragraphs in § 450.115. 
Paragraph (a) of § 450.115 identifies the scenarios that need to be covered in all FSA, so 
that the analysis comprehensively covers the hazards—and thus the methods need to 
describe all such scenarios. Paragraph (b) discusses the level of fidelity required – with 
the fundamental principle that the level of fidelity of a flight safety analysis need only 
be sufficient to demonstrate compliance with the safety criteria, accounting for 
uncertainty.  Another AC is planned to further discuss level of fidelity and uncertainty. 
However, importantly, a thorough description of methods required by paragraph (c) is 
fundamental to demonstrating compliance with paragraph (b). The level of fidelity of an 
analysis cannot be assessed without an understanding of the method used to perform the 
analysis. Therefore paragraph (c) requires an applicant to provide information that 
allows the FAA to assess the method an applicant used to perform the analysis, which 
thereby allows the FAA to confirm whether an applicant’s level of fidelity is sufficient 
to meet paragraph (b). 
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7 EXPLANATION OF § 450.115(c). 
Section 450.115(c) requires that applications include a description of the flight safety 
analysis methodology, including identification of: 


• The scientific principles and statistical methods used; 


• All assumptions and their justifications; 


• The rationale for the level of fidelity; 


• The evidence for validation and verification required by § 450.101(g); 


• The extent to which the benchmark conditions are comparable to the foreseeable. 
conditions of the intended operations; and 


• The extent to which risk mitigations were accounted for in the analyses. 
Each of these is discussed in this chapter. However, it is generally helpful to begin a 
description with an overview of the basic structure of the method, including the 
conceptual models used and behavior being modeled. Developing a new method is 
often a major undertaking for applicants and requires commensurate significant review 
by the FAA. See AC 413.13-1 for other approaches to developing new methods. 


7.1 Scientific Principles and Statistical Methods Used. 
The first element of § 450.115(c) are the scientific principles and statistical methods 
used to perform the analysis; this is sometimes referred to as a technical description. 
The technical description should cover the entire process from gathering input data 
through to the specific output products that result. The logic and flow of data through 
the approach should be clear to the reader. The description should not simply reference 
principles and methods, but needs to show how they are used, i.e. a description of how 
they are applied to the situation being analyzed. Additionally, it should describe how 
different elements of the method connect and how the data flows through the process 
and show iterative and parallel application of principles. Modularizing the description 
of methods also helps clarity, where the inputs and outputs of each module are explicit. 
It is common to use flow charts at different levels of detail (e.g., how modules relate 
and steps within the modules) to illustrate the process. Specific and consistent notation 
(symbology and indices) should be used to ensure clarity. If a method includes an 
existing method documented elsewhere, the description should provide a clear mapping 
to the notation used in the external reference, if it is different. 


7.1.1 Scientific Principles. 
Scientific principles are based on the scientific method: hypotheses tested and 
demonstrated using repeatable experiments or other empirical data. The validity of a 
scientific principle is often limited to a set of conditions.  For example, Newton’s laws 
of motion are valid scientific principles, which become inaccurate when an object 
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approaches the speed of light. There are many scientific principles established in the 
fields of physics, chemistry, and/or biology, which are generally implemented through 
the use of equations. A description may sometimes combine principles. Additional 
assumptions may be applied to allow simplification of existing equations. The technical 
description should show the derivation of any equations used, starting from established 
principles. Occasionally, a new principle may be developed from geometric arguments; 
this should be carefully explained and justified. Considerations for assessing the validity 
of data and scientific methods are further discussed in paragraphs 8.2.1 and 8.2.2 of this 
document.  


7.1.2 Statistical Methods. 
Statistical methods are approaches to describing data and inferring conclusions. Data 
may be the product of observation/measurement or modeling/simulation. Descriptive 
statistics provide summaries of gathered data that aid in understanding and reduce the 
quantity of information to be analyzed. Statistical analysis results in identification of 
patterns: both the dependence of results on independent variables and the 
characterization and quantification of uncertainty due to unknown effects. There are 
variety of approaches to statistical analysis and data science. A structured framework 
should be followed, such as Exploratory Data Analysis (for an introduction, see 
Reference 1) or Bayesian analysis (reference 2). Applicants are encouraged to be 
cautious about developing novel approaches, instead focusing on applying generally 
accepted (see paragraph 4.2) approaches to the specific topic and referencing such 
approaches.  Considerations of the validity of statistical methods are discussed in 
paragraph 8.2.3. The applicability of the conclusions and of the predictions to a specific 
scenario are dependent on the similarity of the scenario to the scenario(s) under which 
the data was obtained. These are important to characterize as part of the scope of 
applicability of the method (see paragraph 7.2.1). Statistical analysis should be used to 
characterize the uncertainties associated with inputs and output from the analysis in 
order to demonstrate compliance with § 450.115(b). 


7.2 Assumptions and Justifications. 
The description of methods must include the assumptions used and their justifications, 
per § 450.115(c)(2). An assumption is an axiom1 or postulate2 that is relevant to 
supporting the methods. Justifications provide reasons that support the use of a stated 
assumption. Assumptions related to methods used to perform analysis should be 


1 A statement accepted as true as the basis for argument or inference. “Axiom.” Merriam-Webster.com Dictionary, 
Merriam-Webster, https://www.merriam-webster.com/dictionary/axiom. Accessed 26 Jul. 2024. 


2 A hypothesis advanced as an essential presupposition, condition, or premise of a train of reasoning. “Postulate.” 
Merriam-Webster.com Dictionary, Merriam-Webster, https://www.merriam-webster.com/dictionary/postulate. 
Accessed 26 Jul. 2024. 
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considered in several categories. A first category is the range of applicability, or the 
scope, for which methods are intended to cover and not cover. A second category 
includes the assumptions about which physical phenomena are relevant to the modeling. 
Thus, a technical description should identify the set of conditions or bounds that define 
when the scientific principles used are established to be valid. A third category covers 
the assumptions about data availability and uncertainty. A fourth category is about the 
capabilities of human operators. Careful consideration of assumptions and their 
justifications is fundamental to ensuring a method is appropriate for the scenarios that 
will be analyzed and has sufficient fidelity, in accordance with § 450.115(b). It is not 
possible to prove that every assumption has been identified nor is it appropriate to list 
the basic assumptions of the scientific method (e.g., consistency of physical laws). At a 
minimum, the technical description should identify those assumptions that could 
potentially be violated in the application of the method to a particular situation.  These 
include both the environment (e.g. there are no nearby special events) and the 
vehicle/operation (e.g. effects of slosh on mass properties are negligible due to baffles). 


Note: The FAA has found that overlooking important assumptions and insufficient 
justifications for assumptions are a primary reason that methods are deemed 
unacceptable. 


7.2.1 Scope of the Method. 
The description should identify intended uses and permissible use of the method (see 
Ref 3). This should be listed as a set of constraints or limitations, ideally expressed 
mathematically, e.g., only when parameter X is less than parameter Y. The scope of a 
method may be limited for many reasons. One common reason is that the range of data 
that was used to develop the method is limited, and it is inappropriate to extrapolate 
beyond the range of the data. Another common reason is that assumptions have been 
applied to simplify the modeling approach (see paragraph 0). 


7.2.2  Physical Phenomena. 
The description should identify the assumptions that are made about which physical  
phenomena  are relevant to  the models used in the method. These assumptions are often 
based on the time  scale or length scale of the effects being studied. As a very simple  
example, when dealing with rocket flight, Newtonian physics are  normally  sufficient;  it 
is unnecessary to consider relativistic or quantum  effects. These kinds of assumptions  
generally  make a problem more manageable and  easier to model and  are necessary to  
make an analysis  practical.  Some assumptions may be valid for some methods and not  
others. For example, for  some flight  simulation, it is essential to model using six  
degrees  of freedom, but for other (e.g., some malfunctions), it is  reasonable to assume  
fewer degrees of  freedom  (see the discussion in AC 450.115-1A regarding malfunction 
trajectory analysis).  
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7.2.3 Data. 
Two key areas of assumptions are important regarding data. First, an analysis often 
requires data that changes with time. As such, a key assumption is that the data will be 
available - and available in the timeframe required. A second assumption is that the data 
accuracy and thoroughness achieve a certain level. The description should identify the 
assumptions/conditions used regarding the accuracy and timeframe for data input.  
These two assumptions should normally lead to flight commit criteria to ensure the 
operation is within the scope of the analysis validity. A second area of assumption is the 
character of the uncertainty of the data. A statistical model involves terms related to 
random effects; assumptions are often made about the probability distribution of these 
errors. A few of the most common assumptions in statistics of data are normality, 
linearity, uniformity, and in certain cases, the equality of variance. The description 
should identify all assumptions in the method regarding the nature and extent of the 
uncertainties for data input. 


7.2.4 Human Operators. 
The description should identify any assumptions regarding the human operators 
involved in the method.  A process of analysis involves humans as well as software. 
Most analysis approaches require some level of skill from the analyst; it is an 
assumption that the analyst has such skills. These skills are an essential element in 
verifying the proper operation of software, both in terms of using proper inputs and 
validating outputs. Likewise, humans have practical limits; this is relevant for analysis 
in terms of the speed they can perform tasks and the ability to perceive distinctions.  A 
specific example is the time it takes a mission flight control officer to identify a failure 
and initiate flight termination action. 


7.3 Level of Fidelity. 
Section 450.115(c)(3) requires a description of the methodology to include a rationale 
for the level of fidelity. Assessing fidelity is a comparison of an approach, process, 
model, or simulation to the real-world. One form of fidelity is accuracy which is the 
closeness of a parameter or variable (or a set of parameters or variables) within a model, 
simulation, or experiment to the true value. 


Section 450.115(c)(3) is not referencing the justification for the choice of the level of 
fidelity, but rather the discussion of how the level of fidelity of the method was 
determined and characterized. Using qualitative terms (e.g., high-fidelity) to describe 
the fidelity of a method is sometimes misleading and should be avoided.3 Qualitative 
terms may be useful for discussion of the relative fidelity of different methods. 


3 The FAA recognizes that AC 450.115-1 is titled "High-Fidelity Flight Safety Analysis" in contradiction to the 
guidance here. This is short-hand language for approaches that were accepted as the highest-fidelity approaches 
generally used (there exist higher-fidelity approaches). 
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7.3.1 Bias and Uncertainty. 
Instead, a quantitative measure of fidelity should be determined: the bias and 
uncertainty. Bias is systematic tendency for a prediction to be skewed in "one direction" 
as compared to the actual value. This may be intentional, such as biasing toward more 
safety. This may be accomplished by choosing an upper bound instead of a mean value 
(especially when a "reasonable upper bound" might be easier to justify than the full 
distribution or as a simplifying approximation). Uncertainty is quantified by a 
probability distribution of the difference between predictions and the actual value, and 
both aleatory and epistemic uncertainties should be considered (see Reference 5). A 
description of uncertainty may utilize a functional form (e.g., Gaussian distribution with 
mean and standard deviation) or be specified by selected confidence levels. In some 
cases, assessing bias and uncertainty requires engineering judgment. Characterization of 
the bias and uncertainty of each method is a key input to demonstrating that the flight 
safety analysis method has sufficient fidelity to establish compliance with the safety 
criteria accounting for bias and uncertainty in accordance with § 450.115(b).  


7.3.2 Rationale. 
Rationale can be considered from two different perspectives.  One is the rationale for 
the choice of the level of fidelity, which of course has implications to the operator. 
Generally, a higher fidelity model is more costly to implement and operator, but often 
reduces the mitigations that are required to protect safety thus saving other costs. 
However, the FAA does not assess these considerations, so they are not relevant and 
need not be discussed as part of the method. Instead, as noted above, the method needs 
to present the rationale for the determination and characterization of fidelity. The 
description should discuss the fidelity of each module (one of a set of separate parts 
that, when combined, form a complete whole) of the method and then aggregate into a 
summary description of the fidelity for each method, including characterization of the 
relative importance of each module to the overall fidelity. The fidelity may be different 
for different parallel parts of a method (e.g., different fidelity for different failure 
response modes in § 450.119); these should be characterized separately. 


7.4 Verification and Validation. 
Verification and Validation (V&V) refer to activities performed to determine that a 
product, service, and/or system meets requirements and specifications and that it fulfills 
its intended purpose. V&V activities can include testing, analysis, demonstration, and 
inspection. V&V evidence, as required by § 450.115(c)(4), refers to documentation 
showing that V&V activities have occurred. V&V evidence can include test procedures 
and reports, analyses, and demonstration and inspection records. A common 
misunderstanding involves the scope of V&V, where the scope is too limited. There are 
many ways an analysis can produce the wrong result: a model can be incorrect for the 
scenario being analyzed, software can incorrectly implement a model, a user can 


13 







  


 


 
  


 
 


 
  


  
 


 
    


 
  


 
 


 


 
  


 
 


 
   


   
 


   
 


   
 


  
  


  
 


  


09/20/2024 AC 450.115-2 


incorrectly operate software, etc.  Thus, the model, the software and/or hardware, and 
the processes to operate the model all need to have appropriate V&V. 


7.4.1 Verification. 
Verification is the evaluation that a product, service, or system complies with a 
regulation, requirement, specification, and/or imposed condition. In the specific context 
of § 450.115(c), verification is the evaluation that the implemented process matches the 
documented approach described in § 450.115(c)(1).  


7.4.2 Validation. 
Validation is the assurance that a product, service, or system meets the needs of the 
operation. For a simulation (model), validation demonstrates that it adequately reflects 
the Real-World System (RWS) (see paragraph 4.1) that it is intended to emulate. 
Successful validation establishes that the method accomplishes the intended purpose in 
the intended environment. It often involves acceptance and suitability with operation 
control needs and natural phenomena. Validation ensures that accuracy, bias, 
assumptions, and uncertainty satisfy associated requirements. One aspect of validation 
of simulation tools is benchmarking against information that was not used in the 
development of the models; a discussion of the relevance of such benchmarks to the 
actual scenario is required in § 450.115(c)(5). 


7.4.3 Standards. 
Applicants should follow standard practices for performing V&V. The type of process 
used depends on the type of element undergoing V&V. Examples of standard practices 
include: 


• For modeling and simulation, NASA-HDBK-7009A (Reference 6 in section 3.4) 
and MIL-STD-3022 (Reference 3 in section 3.4) each provide a comprehensive 
approach. However, the scope of these documents do not include V&V of 
procedures for operational use of resulting software. 


• For computing systems, including software, AC 450.141-1 provides an overview 
and references to specific sources. 


• For V&V of processes, procedures, and responsibilities, a quality management 
system is typically used, such as ISO 9001 (Reference 14 in section 3.4). 


• For maintaining on-going V&V of software, the CMMI Model (Reference 15 in 
section 3.4) provides an approach. 


For nearly all methods, all four of these aspects should be addressed in the application 
material, often even for the same element of a method. 
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7.4.4 Rigor Based on Level of Criticality. 
The appropriate rigor of V&V depends on the level of criticality (see AC 450.141-1 for 
discussion of levels of criticality). A higher level of criticality should have more rigor in 
the V&V process. A V&V effort performed by an independent organization provides 
higher rigor than an internal V&V. As example, for software, the V&V activities for 
high criticality custom software should include testing by a test team independent of the 
development division or organization consistent with the intent of 450.141(b)(4). For 
CMMI, the maturity level indicates the level of rigor. For simple software or tools, the 
V&V can be quite straightforward, such as two staff independently implementing in a 
spreadsheet 


7.4.5 Evidence. 
To demonstrate compliance with the V&V requirement of § 450.115(c)(4), the 
application should: 


• Define levels of criticality and the standards used for V&V for each level of 
criticality, 


• Identify the system, process, and software (items) that are used to perform the 
analysis, 


• Document the rationale for the level of criticality of each item, 


• Identify the standards used to perform V&V for each item, and 


• Provide sample artifacts of V&V for each item. 


7.4.6 Off-the-shelf Items. 
Many items that are used in a safety analysis are obtained from market sources and it is 
difficult, or perhaps impossible, for operators to provide the standards for V&V or 
artifacts. For generally used items that is not specially designed for launch and reentry 
analysis, the FAA does not expect operators to provide these. However, the way an 
operator uses the item is subject to V&V requirements.  So, for example, there is no 
need to provide evidence of V&V for Microsoft Excel, but there is for the 
implementation in a spreadsheet. For tools that are from market sources that are more 
specially designed for launch and reentry analysis, the operator is encouraged to discuss 
with the FAA the extent to which the FAA already has such information. For applicant 
developed custom software leveraging off-the-shelf code libraries, the applicant is 
expected to document third party product usage policies that provide for application-
specific V&V, see § 450.141(c)(8). 
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7.5 Benchmarks. 
Section 450.115(c)(5) requires that the description include “the extent to which the 
benchmark conditions are comparable to the foreseeable conditions of the intended 
operations.” Benchmarks are data sets of input data and associated results to which an 
analysis (or part of an analysis) can be compared. Benchmarking is a key element of 
validation (see above). In some cases, actual events have shown that prior analysis 
methods were significantly incorrect, typically making incorrect assumptions.  


Note: As time progresses, additional benchmarks become available. If new data 
becomes available that appears to have a material effect on the validity of a method, in 
accordance with § 450.101(g), the FAA may require consideration of such new 
information. 


7.5.1 Choosing Benchmarks. 
Appropriate benchmarks are sometimes difficult to obtain and rarely cover exactly the 
scenarios that will be modeled by the analysis. Of course, the closer a benchmark is to 
the actual scenario, the more confidence the benchmarking provides to the analysis— 
and thus the lower the uncertainty, which is relevant to § 450.115(b). The necessary 
comprehensiveness of benchmarking corresponds to the level of fidelity of the analysis. 
A low fidelity method may be benchmarked at the top-level of FSA analysis, 
demonstrating that the products (hazard areas, risk metrics) are more conservative than 
a higher-fidelity method.  However, for a method where the safety results are critically 
dependent on a particular sub-model benchmarking should be accomplished at the sub-
model level. 


7.5.2 Comparison to Benchmarks. 
The “extent to which the benchmark conditions are comparable” is an important topic. 
The discussion should review each benchmark that was considered as part of the 
validation and compare the conditions to the conditions within the scope of the method 
identified in paragraph 7.2.1. This discussion also supports the assessment of the level 
of fidelity of a method (see paragraph 7.3). A method that has limited or no relevant 
benchmarks inherently has high uncertainty. 
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7.6 Risk Mitigations. 
Section 450.115(c)(6) requires discussion of “which risk mitigations are accounted for 
in the analysis.” Mitigations must be described in the functional hazard analysis (FHA), 
per § 450.107(b). The FSA method should relate applicable FHA mitigations to a 
specific implementation in the FSA and thus quantified in the analysis. The FSA should 
account for all flight safety limits and other operational limits identified in the flight 
commit criteria. For example, a wind-weighted rocket FSA should account for any wind 
conditions or launcher orientation limits in the normal trajectory variability analysis 
(§ 450.117). Likewise, risk mitigations might include fault-tolerance that affects the 
FSA. For example, the FSA for a mission can be completed even if an engine is lost 
should incorporate this in the normal trajectory analysis (§ 450.117), malfunction 
trajectory analysis (§ 450.119), and probability of failure (§ 450.131). For each method, 
the description should identify which of the mitigations in the FHA the method accounts 
for and any caveats such as significant approximations (covering “the extent to which” 
from the requirement). An applicant should review the FHA to identify potential 
impacts of any mitigations on the FSA and discuss the extent to which they are 
implemented. 
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8 STANDARD OF SUFFICIENCY. 


8.1 Content. 
Each flight safety analysis regulation is primarily a set of technical performance 
requirements: the sections prior to the "Application Requirements" section. The 
application must show in the description that the method results in compliance with 
each of these requirements. The application should be explicit about presenting the case 
for why the method results in compliance. A more thorough and rigorous explanation 
will reduce iteration during the evaluation process. This could be considered like a 
"closing argument" in a trial, where the evidence has been presented, and now the logic 
connecting to the regulation is presented. Although a compliance table may be used, this 
has often not provided sufficient clarity as to how and why the method demonstrates 
compliance. 


8.1.1 Logic and Mathematics. 
The description should include careful exposition of the logic of methodology. This 
should clearly demonstrate the derivation of the specific method from empirical 
evidence or generally accepted (see paragraph 4.2) methods. The mathematics used in 
the analysis needs to be complete, accurate, and well-integrated into the narrative. 


8.1.2 Topics. 
Usually, many analysis steps are used to provide a comprehensive and valid method for 
a single regulation. The requirements in a regulation are not necessarily organized by 
the analysis flow and reflect the interdependence of the nature of the elements of an 
FSA. For example, § 450.123(b) includes four constraints that apply to the entire 
method and cannot be satisfied by separate sub-models. The FAA intends to provide 
checklists for typical elements of the methods within ACs for each regulatory 
requirement. Generally, the description of each element of each method should include 
responses to § 450.115(c)(1) and (2), whereas it may be acceptable for the responses to 
§ 450.115(c)(3), (5), and (6) to address a regulation section as a whole. The V&V 
requirements of § 450.115(c)(4) usually are met on a process by process and software 
tool by software tool basis. The description of methods should clearly identify these 
elements. 


8.2 Validity. 
All analyses used to demonstrate compliance with § 450.101 must be valid in 
accordance with § 450.101(g). As evidenced by its placement in § 450.101 Safety 
Criteria, this is a fundamental requirement. Further, in accordance with § 450.37(b), all 
analyses must demonstrate compliance with § 450.101(g), no equivalent level of safety 
is allowed.  There are four aspects to validity in the regulation, as described in the 
paragraphs below. 
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8.2.1 Accurate Data. 
Accurate data encompasses both the data upon which scientific models are based and 
the input data specific to the analysis being performed. Scientific models are based on 
empirical evidence and experimental results. The data for a specific analysis is based on 
measurements that are needed as input to the models, including the vehicle properties 
and the environment. All measurement data has uncertainty; uncertainty must be 
accounted for when evaluating safety metrics, per § 450.115(b). Accurate data does not 
mean perfect precision, but instead that which is obtained via valid methods and is 
applied appropriately for the purpose. For example, inaccurate data would be that 
obtained using a broken scale or measurements that are inapplicable or outdated. 
Inappropriate application of data includes extrapolation of measurements outside the 
domain in which they were measured, especially to different physical regimes or 
locations. 


8.2.2 Accurate Scientific Principles. 
Accurate scientific principles are those that are developed through the process of 
formulating hypotheses and then conducting experiments to test the hypothesis. To 
evaluate the validity of a method, the following4 should be considered: 


• Whether the technique or theory in question can be, and has been tested; 


• Whether it has been passed a peer review; 


• Its known or potential error rate; 


• The existence and maintenance of standards controlling its operation; and 


• Whether it has attracted widespread acceptance within a relevant scientific 
community.  See the definition of “Generally acceptable” in paragraph 4.2. 


This standard allows an applicant to use a novel approach, provided it has been 
developed with the scientific method. 


8.2.3 Valid statistical methods. 
Valid statistical methods are approaches to analyzing data that are generally accepted 
(see paragraph 4.2). The starting point is to clearly define the goal of the analysis, and 
then a statistical analysis can be considered as four steps: collection, analysis, inference, 
and validation. A complete description of a valid statistical method should include 
documentation of each of these steps, usually following the structured approach of a 
standard statistical method (see paragraph 7.1.2). Since the safety criteria are 
fundamentally statistical measures, statistical approaches are discussed in every FSA 
AC. 


4 This language is from the U.S. Supreme Court decision, Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 113 
S. Ct. 2786, 125 L. Ed. 2d 469 (1993) 
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8.2.4 Consistency with Past Results. 
The final sentence of § 450.101(g) reads: 


The method must produce results consistent with or more conservative 
than the results available from previous mishaps, tests, or other valid 
benchmarks, such as higher-fidelity methods. 


This connects to the requirements of § 450.115(c)(4) and (5), discussed in paragraphs 
7.4 and 7.4 above. As discussed, the availability of benchmarks is limited, but where 
there are benchmarks, the results of the method must be compared to them. Operations 
by the applicant are clearly necessary to be considered. The "consistent with or more 
conservative than" means that any bias in the method should be toward increased public 
safety. This phase can be most easily understood in the context of the risk analysis 
products: larger individual risk values, more restrictive flight safety limits, higher 
predictions of collective risk, etc. For some aspects of flight safety analysis, more 
conservative is straightforward: the prediction of the consequences of a debris impact 
should be at least as large as the observed consequences. However, for other areas, 
especially impact dispersions, conservatism is less direct: dispersion size can be 
correlated or anti-correlated with the size of the hazard area. 


8.3 Editorial Requirements. 
All application materials must be written and in English per § 413.7. Materials should 
use correct grammar, syntax, usage, spelling, and punctuation, as well as being 
consistent in the handling of capitalization, hyphenation, abbreviations, and numbers. 
As highly technical documents with safety implications, method descriptions should 
undergo internal substantive review and then thorough copyediting and proofreading 
before submission. A well-written and edited document is more likely to be technically 
accurate and is much easier for evaluators to follow. Section 450.45(e)(1) provides 
additional requirements for the submission of material for a safety approval. This 
section is listed as requirements for the entire application, but the FAA recognizes that 
these are more useful as applied to each document. The following paragraphs provide 
additional understanding of how these requirements apply to descriptions of methods. 
The FAA does not require any particular style or formatting.  


8.3.1 Glossary. 
The material should contain a glossary of unique terms and acronyms used in 
alphabetical order, per 450.45(e)(1)(i). These are typically separate tables or lists in the 
front matter of a document. Unique terms are those that are not generally known (within 
the field of the subject of the document) or those that have a precise meaning within the 
document. The application should use terms as defined in § 401.7; any exceptions 
should be avoided, and, when unavoidable, specifically noted. Very common acronyms, 
e.g., U.S. for United States, may be omitted, but all others must be included. 
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8.3.2 Reference List. 
The description should contain a listing of all referenced material, per 450.45(e)(1)(ii). 
No particular format of references is recommended by the FAA, but a standard format 
should be used, such as Chicago Manual of Style, Council of Science Editors (CSE) 
style, American Psychological Association (APA) style, or Institute of Electrical and 
Electronics Engineers (IEEE) style. The applicant should include the Uniform Resource 
Identifier (URI), International Standard Book Number (ISBN), or Uniform Resource 
Locator (URL) for references that are publicly available. For references that are not 
publicly available, the applicant should be prepared to provide access to them upon 
FAA request and should proactively provide those that contain significant aspects of the 
method. Wherever another document is referenced, the reference should indicate 
specific section, subsection, equation, or page number. 


8.3.3 Derivations. 
The descriptions must use equations and mathematical relationships derived from or 
referenced to a recognized standard or text, per 450.45(e)(1)(iii), i.e. one that is 
generally accepted (see paragraph 4.2). There should be no unsubstantiated claims or 
technical assumptions. There should be no "orphan" equations; all equations must be 
cited to an external source or derived within the description. Most equations are limited 
to certain regimes of applicability and/or include simplifying assumptions. A recognized 
standard or text should characterize these, and the applicant should be clear as to how 
these affect the derived results. Handbooks, such as References 12 and 13, provide 
straightforward sources that allow easy referencing.  


8.3.4 Notation. 
The descriptions should define all algebraic parameters, per 450.45(e)(1)(iii). These 
should be defined within the text when first used. They may also be provided as a list of 
notations used in the front matter. 


8.3.5 Units. 
The descriptions must include the units of all numerical values provided, per 
450.45(e)(1)(iv). Units are often only relevant in the context of a specific coordinate 
system, especially a reference point, so that should be clear as well. Consistent unit 
systems should be used to the maximum extent possible. 


8.3.6 Diagrams. 
All schematic diagrams must include a legend or key that identifies all symbols used, 
per 450.45(e)(1)(v). All maps and charts should also include a legend or key so that the 
reader can easily interpret the information. Axes should be labeled clearly, including 
units where relevant. Applicants should avoid complex figures that require significant 
discussion to understand. Further, the application should make clear in the text the 
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conclusions that are drawn from each diagram; it should not be assumed that the reader 
has the same interpretation of the information. 


8.4 Depth of Detail. 
The FSA methodology should be verifiable, inspectable, and repeatable, which means 
being explicit about details. The description should be sufficient that it produces 
consistent results using the same set of input data. Later, with specialized tools, training 
on the use of those tools, and using the same inputs and following the same approach, 
one should be able to reproduce consistent results and derive the same conclusion as 
posted by the applicant's flight safety analysis. The flight safety analysis should be 
inspectable. Any statements made should be clearly supported by evidence. Two 
different engineers looking at the provided methodology description should not interpret 
them differently in a meaningful way. Thus, the descriptions should include equations 
and/or examples that derive the conceptual approach of the methodology. It is not 
necessary to provide an algorithmic implementation (e.g., pseudo-code) or software 
code. Use of standard mathematics such as linear algebra or calculus can be assumed. 


8.5 Review and Revision Process. 
An applicant must submit new and revised flight safety analysis methods to the FAA, 
and those methods must be accepted, prior to application submission in accordance with 
§ 450.35(a)(1)5. The process from initial submission of methods to acceptance has 
often involved multiple iterations between the applicant and the FAA. Iterations can be 
reduced by a thorough internal process by the applicant of methods descriptions prior to 
submission. This vetting process should rigorously scrutinize the documentation: 
challenging assumptions, identifying logical leaps, and ensuring that language is 
definitive. 


The typical process for review of a description of methods involves the FAA providing 
feedback to the applicant with the applicant revising and then resubmitting. The FAA 
normally first performs a checklist review (see paragraph 8.1.2), which is only a 
screening. The screening does not aim to identify technical issues. At the conclusion of 
the screen, the FAA typically identifies to applicants of material that is expected but is 
not found, or that the material has passed the screening. The FAA will not proceed to 
further evaluation of a description of methods until this screening finds the material 
sufficient. The further evaluation is typically performed by highly knowledgeable 
reviewers in the specific analysis area. Feedback from this review typically comes as 
specific comments to the text along with a summary of the feedback. 


5 See AC 413.13-1 for additional information on how FSA Methods relate to Means of Compliance. 
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8.5.1 Maturity Rating. 
The FAA normally provides a maturity rating as part of its feedback to help applicants 
understand the significance of the issues in the method. The maturity levels are shown 
in Table 1. These maturity levels are unrelated to the complete enough assessment, 
which occurs after application submission, whereas the methods must be accepted prior 
to submission. Applicants should be aware that it typically requires a significant effort 
to move up a single maturity level. 


Table 1 - Methodology Maturity Levels 


Maturity Level Reason(s) 
5 – Very Mature May need minor clean-up (minor misstatements, reference 


problems) 
4 – Nearly Mature Documentation is solid, but not yet comprehensive (additional 


material could expose new issues) 
Technical approach is nearly acceptable, but there are minor 
reasons that need to be corrected for the approach to be 
satisfactory, 
There are meaningful but not major errors. 


3 – In-process Technical approach appears reasonable, but significant gaps 
remain for the explanation to be complete or correct. 
Compliance with § 450.115(c) across the whole analysis has 
significant gaps. 


2 – Immature Significant concerns about the technical approach (the 
fundamental idea is sound, but the implementation and/or 
details need a lot of work). 
Significantly substandard response to an aspect of 
§ 450.115(c). 


1 – Invalid Fundamental problem(s) with the technical approach, i.e. it 
does not produce the products needed, or it is not viable for 
the intended application. 
Clear lack of understanding of the requirements of an aspect 
of § 450.115(c) 


0 – Not Complete 
Enough 


Does not cover all required technical topics or does not 
discuss an aspect of § 450.115(c) for each technical topic. 
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8.5.2 Response to Feedback. 
Applicants should carefully review all feedback received and submit a revision of the 
description of the methods for review. Applications should take care to avoid 
minimizing the comments. The summary of feedback is particularly important as it aims 
to provide clear identification of the major issues and their severity. If the applicant 
feels the FAA feedback indicates that a portion of the material was overlooked, is 
factually incorrect in the feedback, or is inconsistent with the regulation, the applicant 
should submit the evidence in writing separate from other responses to feedback. Also, 
if an applicant would like further explanation of the feedback to assist them in 
responding, a meeting with the FAA may be requested. Applicants should not use the 
meeting as forum to debate or to seek assurances on a proposed solution. 


8.5.3 Recommendations. 
To make this process maximally efficient and reduce iterations, the FAA notes the 
following: 


• Applicants should aim to ensure that all feedback has a comprehensive response 
within the revised description.  Only material in the description of methods 
document(s) are used as the basis for evaluation (e.g. not other responses to 
comments). 


• Attempts to quickly fix a significant issue in a method are rarely found 
satisfactory. 


• Rigorous internal review of all submissions is recommended. An inadequate 
response to FAA feedback will prolong the review cycle. 


• Applicants should specify, for each comment, where in the revised submission 
the response has been made. 


• Applicants are encouraged to submit both a “red-line” and a “clean” version of 
description revisions to aid reviewers in finding changes, unless the material has 
undergone such a significant revision that showing individual changes would not 
be meaningful. 


• Configuration management of documents is very important; documents should 
be assigned unique identification codes with unique revision numbers. A 
revision history should be maintained within each document. The accuracy of 
such information should be verified immediately prior to submittal. 


8.6 Example. 
To illustrate the depth and rigor that provides sufficient material to demonstrate the 
approach is valid, this section presents two fictional examples. These examples are both 
descriptions of a three degree of freedom (3DOF) propagation. 
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8.6.1 Insufficient Description. 
An example of a description with insufficient detail is shown in Figure 1. The method is 
described using a single sentence without any references to the governing mathematics, 
numerical analysis, or sources of data. This example is an unacceptable submission 
because there is a wide variety of potential implementations of this that could result in 
very different results. The FAA cannot determine the fidelity of the physics that are 
incorporated, whether the numerical approach is valid, or whether the input data is from 
a suitable source that is processed correctly. Further, without a specification of the 
software used, there is no basis on which to inspect that the approved software is being 
used for a particular mission. 


Figure 1 - Method Description with Insufficient Detail 


Debris impact locations are calculated using a 3DOF propagator that incorporates air density and 
wind using our in-house tool. 
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8.6.2 Sufficient Description. 
An example of a description with sufficient detail is shown in Figure 2. This description 
is still less than 200 words, but now is precise. This approach required no model 
development or mathematical derivation by the applicant, existing approaches are 
simply linked together. The reference to existing approaches also allows the FAA to 
quickly evaluate the validity of the approach. These requirements are now sufficient for 
writing an algorithm to perform this calculation, which is then the basis for verification 
of the implementation. This further provides an unambiguous basis for an inspection by 
the FAA. 


Figure 2 – Method Description with Sufficient Detail 


A standard approach to three degree-of-freedom (3DOF) computational simulation is used to 
compute trajectories for uncontrolled, unpowered objects. It is implemented in our 
SB_BallisticPropagation software module. Input data are the initial position and velocity in 
earth-centered inertial (ECI) coordinates; the object’s ballistic coefficient as a function of Mach 
number; and the specification of a 3-D atmospheric model (e.g., a Global Forecast System 
forecast). Equations of motion are appropriate for a rotating Earth are used to determine the 
flight path of an object using a 3DOF simulation approach [1]. The equations are integrated with 
respect to time using a Runge-Kutta method with the Adams-Bashforth predictor-corrector Ref 
[2] with an initial timestep of 1E-6 seconds (this timestep is much smaller than any meaningful 
changes in parameters on the scale of rocket flight). Earth parameters through J2 are from 
WGS84 [3]. Extraction and transformation of air density, speed of sound, and wind data are 
discussed in 3rd party software documentation [4]. The specific atmospheric data depends on the 
analysis phase, as discussed in section X.X. The output is the trajectory (time, position, velocity) 
of the object in ECI coordinates from the initial state to impact with the Earth’s surface at the 
interval of the integration steps. 
1. Weiland, C. (2010). Three and Six Degree of Freedom Trajectory Simulations. In: 


Computational Space Flight Mechanics. Springer, Berlin, Heidelberg. 
https://doi.org/10.1007/978-3-642-13583-5_8 


2. William H. Press ... [and others]. (1992). Numerical recipes in C: the art of scientific 
computing. Cambridge [Cambridgeshire]; New York: Cambridge University Press, ch. 16. 
https://numerical.recipes/ 


3. Department of Defense World Geodetic System 1984: Its Definition and Relationships with 
Local Geodetic Systems, Version 1.0.0, 8 July 2014. 
https://nsgreg.nga.mil/doc/view?i=4085. 


4. XYZ Company, Atmospheric Data Application Programmer’s Interface Reference, version 
6.1. 
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		1 PURPOSE. 

		This Advisory Circular (AC) provides guidance for documenting and submitting a 

		description of the methods used in a Flight Safety Analysis (FSA) in accordance with 

		title 14 of the Code of Federal Regulations (14 CFR) § 450.115(c). Engineers 

		developing and documenting engineering methods should use this AC to understand the 

		requirements in § 450.115(c). Regulatory compliance leads should use this AC to ensure 

		submissions thoroughly respond to requirements. FAA evaluators should use this AC as 

		a guide to evaluate submissions. All readers should have a general understanding of 

		flight safety analysis and of standards for scientific and engineering documentation. 

		1.1 Level of Imperatives. This AC presents one, but not the only, acceptable means of compliance with the associated regulatory requirements. The FAA will consider other means of compliance that an applicant may elect to present. In addition, an operator may tailor the provisions of this AC to meet its unique needs, provided the changes are accepted as a means of compliance by the FAA. Throughout this document, the word “must” characterize statements that directly follow from regulatory text and therefore r

		variations or alternatives allowed within the accepted means of compliance set forth in this AC. 

		2 APPLICABILITY. 

		2.1 The guidance in this AC is for launch and reentry vehicle operators required to comply with 14 CFR part 450. The guidance in this AC applies to operators seeking a launch or reentry vehicle operator license, a licensed operator seeking to renew or modify an existing vehicle operator license, and FAA commercial space transportation evaluators. 

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right, and the FAA will not rely upon this guidance as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. 

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements. 

		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 

		3.1 Applicable United States Code (U.S.C.) Statute. 

		• Title 51 U.S.C. Subtitle V, Chapter 509, Commercial Space Launch Activities.  

		3.2 Related Code of Federal Regulations. The following Title 14 CFR regulations should be accounted for when showing compliance with 14 CFR § 450.115(c). The full text of these regulations can be 

		downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 



		ordered from the Government Printing Office, Superintendent of Documents, Attn: New Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 

		• 

		• 

		• 

		Section 401.7, Definitions. 



		• 

		• 

		Section 450.35, Means of Compliance. 



		• 

		• 

		Section 450.45, Safety Review and Approval. 



		• 

		• 

		Section 450.101, Safety Criteria. 



		• 

		• 

		Section 450.108, Flight Abort. 



		• 

		• 

		Section 450.113, Flight Safety Analysis Requirements—Scope. 



		• 

		• 

		Section 450.117, Trajectory Analysis for Normal Flight. 



		• 

		• 

		Section 450.119, Trajectory Analysis for Malfunction Flight. 



		• 

		• 

		Section 450.121, Debris analysis. 



		• 

		• 

		Section 450.123, Population Exposure Analysis. 



		• 

		• 

		Section 450.131, Probability of Failure Analysis. 



		• 

		• 

		Section 450.133, Flight Hazard Area Analysis. 



		• 

		• 

		Section 450.135, Debris Risk Analysis. 



		• 

		• 

		Section 450.137, Far-field Overpressure Blast Effects Analysis. 



		• 

		• 

		Section 450.139, Toxic Hazards for Flight. 





		3.3 Related FAA Advisory Circulars. FAA Advisory Circulars are available through the FAA website, 

		Advisory Circulars 

		Advisory Circulars 





		. The following Advisory Circulars contain information about the specific content of a methods descriptions in flight safety analysis: 

		(ACs) – AST

		(ACs) – AST





		•

		•

		•

		 AC 413.13-1, Guidance on Submitting a Complete Enough and Complete Application for a Vehicle Operator License, dated December 18, 2023. 



		• 

		• 

		AC 450.101-1B, High Consequence Event Protection, dated May 3, 2024. 



		• 

		• 

		AC 450.108-1, Using Flight Abort Rule as a Hazard Control Strategy, dated July 7, 2027. 



		• 

		• 

		AC 450.115-1B, High Fidelity Flight Safety Analysis, dated August 2, 2024. 



		• 

		• 

		AC 450.117-1, Normal Trajectory Analysis for Normal Flight, dated August 19, 2021. 



		• 

		• 

		AC 450.123-1, Population Exposure Analysis, dated October 12, 2022. 



		• 

		• 

		AC 450.141-1A, Computing System Safety, dated August 16, 2021. 





		Note: Additional ACs are planned for other flight safety analysis sections of the regulation. 

		3.4 Additional References Related to Rigor of Flight Safety Analysis Methodology. 

		1. 

		1. 

		1. 

		National Institute of Science and Technology (NIST). NIST/SEMATECH e-Handbook of Statistical Methods, , April 2012. 

		http://www.itl.nist.gov/div898/handbook/

		http://www.itl.nist.gov/div898/handbook/







		2. 

		2. 

		Gelman, A., Carlin, J.B., Stern, H.S., Dunson, D.B, Vehtari, A., and Rubin, D.B. Bayesian Data Analysis (3rd ed.). Chapman and Hall/CRC, 2013, . 

		https://doi.org/10.1201/b16018

		https://doi.org/10.1201/b16018







		3. 

		3. 

		Department of Defense. Department of Defense Standard Practice: Documentation of Verification, Validation, and Accreditation (VV&A) for Model and Simulations. MIL-STD-3022 Change 1. 5 April 2012. . 

		https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=275961

		https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=275961







		4. 

		4. 

		Zang, Thomas A, Steve R Blattnig, Lawrence L Green, Michael J Hemsch, James M Luckring, Joseph H Morrison, and Ram K Tripathi. NASA Standard for Models and Simulations (M&S): Development Process and Rationale. NASA NTRS. July 2009 . 

		https://ntrs.nasa.gov/api/citations/20090028626/downloads/20090028626.pdf

		https://ntrs.nasa.gov/api/citations/20090028626/downloads/20090028626.pdf







		5. 

		5. 

		National Aeronautics and Space Administration (NASA). NASA Technical Standard, NASA-STD-7009B, Standard for Models and Simulations, March 2024 . 

		https://standards.nasa.gov/standard/NASA/NASA-STD-7009

		https://standards.nasa.gov/standard/NASA/NASA-STD-7009







		6. 

		6. 

		National Aeronautics and Space Administration (NASA). NASA Technical Standard, NASA-HDBK-7009A, NASA Handbook for Models and Simulations: An Implementation Guide For NASA-STD-7009, May 2019. . 

		https://standards.nasa.gov/standard/NASA/NASA-HDBK-7009

		https://standards.nasa.gov/standard/NASA/NASA-HDBK-7009







		7. 

		7. 

		National Aeronautics and Space Administration (NASA). NASA Procedural Requirement, NPR 7150.2D, NASA Software Engineering Requirements, March 2022. . 

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7150&s=2B

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7150&s=2B







		8. 

		8. 

		National Aeronautics and Space Administration (NASA). NASA Systems Engineering Handbook, February 2019. . 

		https://www.nasa.gov/reference/systems

		https://www.nasa.gov/reference/systems

		-



		engineering-handbook/







		9. 

		9. 

		9. 

		National Aeronautics and Space Administration (NASA). NASA Procedural Requirement, NPR 7123.1D, “NASA Systems Engineering Processes and Requirements,” July 2023. 



		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B 

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B 

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B 







		10. 

		10. 

		Aerospace Research Central. “Guide for Verification and Validation of Computational Fluid Dynamics Simulation.” AIAA G-077-1998, September1998. . 

		https://arc.aiaa.org/doi/epdf/10.2514/4.472855.001

		https://arc.aiaa.org/doi/epdf/10.2514/4.472855.001







		11. 

		11. 

		The American Society of Mechanical Engineers (ASME). “Guide for Verification and Validation in Computational Solid Mechanics.” ASME V&V 10, ASME. New York, NY, August 2007. . 

		https://cstools.asme.org/

		https://cstools.asme.org/







		12. 

		12. 

		12. 

		Shackelford, J.F., Han, Y.-H., Kim, S., & Kwon, S.-H. (2015). CRC Materials Science and Engineering Handbook (4th ed.). CRC Press. 



		https://doi.org/10.1201/b18971 

		https://doi.org/10.1201/b18971 

		https://doi.org/10.1201/b18971 







		13. 

		13. 

		NIST Digital Library of Mathematical Functions. National Institute of Standards and Technology (NIST). . 

		https://dlmf.nist.gov/

		https://dlmf.nist.gov/







		14. 

		14. 

		International Organization for Standardization (ISO). ISO 9001:2015, “Quality Management Systems Requirements,” September 2015. . 

		https://www.iso.org/standard/62085.html#lifecycle

		https://www.iso.org/standard/62085.html#lifecycle







		15. 

		15. 

		Capability Maturity Model Integration (CMMI) Version 3.0.  





		https://cmmiinstitute.com/ 

		https://cmmiinstitute.com/ 

		https://cmmiinstitute.com/ 





		4 DEFINITION OF TERMS. For this AC, the terms, and definitions from § 401.7 and this list apply. 

		4 DEFINITION OF TERMS. For this AC, the terms, and definitions from § 401.7 and this list apply. 

		4.1 Real-World System (RWS). 

		An actual physical system that has operated, is operating, or will operate which a simulation (e.g., a computer model) emulates. 

		4.2 Generally Accepted. Described in standards published by Federal Government or recognized standards 

		organizations, in textbooks that are widely used in educational settings, or in widely cited published documents (journal articles, books, etc.). 

		ACRONYMS. 

		• 

		• 

		• 

		3DOF – Three Degrees of Freedom 



		• 

		• 

		AC – Advisory Circular 



		• 

		• 

		APA –American Psychological Association 



		• 

		• 

		AST – Office of Commercial Space Transportation 



		• 

		• 

		CFR – Code of Federal Regulations 



		• 

		• 

		CMMI –Capability Maturity Model Integration 



		• 

		• 

		CSE – Council of Science Editors 



		• 

		• 

		ECI – Earth Centered Inertial 



		• 

		• 

		FAA – Federal Aviation Administration 



		• 

		• 

		FSA – Flight Safety Analysis 



		• 

		• 

		FHA – Functional Hazard Analysis 



		• 

		• 

		IEEE – Institute of Electrical and Electronics Engineers 



		• 

		• 

		ISBN – International Standard Book Number 



		• 

		• 

		ISO – International Standards Organization 



		• 

		• 

		MIL-STD – Military Standard 



		• 

		• 

		MOC – Means of Compliance 



		• 

		• 

		MPL – Maximum Probable Loss 



		• 

		• 

		NASA – National Aeronautics and Space Administration 



		• 

		• 

		NIST – National Institute of Science and Technology 



		• 

		• 

		OMB – Office of Management and Budget 



		• 

		• 

		RWS – Real World System 



		• 

		• 

		URI – Uniform Resource Identifier 



		• 

		• 

		URL – Uniform Resource Locator 



		• 

		• 

		U.S.C. – United States Code 



		• 

		• 

		U.S. – United States 



		• 

		• 

		V&V – Verification and Validation 





		6 INTRODUCTION. Section 450.115 provides requirements that apply to all flight safety analysis regulations, from § 450.117 through § 450.139.  This AC primarily discusses paragraph 

		(c) of § 450.115, which contains requirements for how a flight safety method must be described. § 450.115(c) is referenced by § 450.108 and each regulation section from § 450.117 through § 450.135. 

		6.1 Relationships between paragraphs in § 450.115. Paragraph (a) of § 450.115 identifies the scenarios that need to be covered in all FSA, so that the analysis comprehensively covers the hazards—and thus the methods need to describe all such scenarios. Paragraph (b) discusses the level of fidelity required – with the fundamental principle that the level of fidelity of a flight safety analysis need only be sufficient to demonstrate compliance with the safety criteria, accounting for uncertainty.  Another AC 

		thereby allows the FAA to confirm whether an applicant’s level of fidelity is sufficient to meet paragraph (b). 

		7 EXPLANATION OF § 450.115(c). Section 450.115(c) requires that applications include a description of the flight safety analysis methodology, including identification of: 

		• 

		• 

		• 

		The scientific principles and statistical methods used; 



		• 

		• 

		All assumptions and their justifications; 



		• 

		• 

		The rationale for the level of fidelity; 



		• 

		• 

		The evidence for validation and verification required by § 450.101(g); 



		• 

		• 

		The extent to which the benchmark conditions are comparable to the foreseeable. conditions of the intended operations; and 



		• 

		• 

		The extent to which risk mitigations were accounted for in the analyses. 





		Each of these is discussed in this chapter. However, it is generally helpful to begin a description with an overview of the basic structure of the method, including the conceptual models used and behavior being modeled. Developing a new method is often a major undertaking for applicants and requires commensurate significant review by the FAA. See AC 413.13-1 for other approaches to developing new methods. 

		7.1 Scientific Principles and Statistical Methods Used. The first element of § 450.115(c) are the scientific principles and statistical methods used to perform the analysis; this is sometimes referred to as a technical description. The technical description should cover the entire process from gathering input data through to the specific output products that result. The logic and flow of data through the approach should be clear to the reader. The description should not simply reference principles and metho

		existing method documented elsewhere, the description should provide a clear mapping to the notation used in the external reference, if it is different. 

		7.1.1 Scientific principles are based on the scientific method: hypotheses tested and demonstrated using repeatable experiments or other empirical data. The validity of a 

		Scientific Principles. 



		scientific principle is often limited to a set of conditions.  For example, Newton’s laws of motion are valid scientific principles, which become inaccurate when an object 

		approaches the speed of light. There are many scientific principles established in the fields of physics, chemistry, and/or biology, which are generally implemented through the use of equations. A description may sometimes combine principles. Additional assumptions may be applied to allow simplification of existing equations. The technical description should show the derivation of any equations used, starting from established principles. Occasionally, a new principle may be developed from geometric argument

		of data and scientific methods are further discussed in paragraphs 8.2.1 and 8.2.2 of this 



		7.1.2 Statistical methods are approaches to describing data and inferring conclusions. Data may be the product of observation/measurement or modeling/simulation. Descriptive statistics provide summaries of gathered data that aid in understanding and reduce the quantity of information to be analyzed. Statistical analysis results in identification of patterns: both the dependence of results on independent variables and the characterization and quantification of uncertainty due to unknown effects. There are va

		Statistical Methods. 

		Reference 1) or Bayesian analysis (reference 2). Applicants are encouraged to be 

		accepted (see paragraph 4.2) approaches to the specific topic and referencing such 

		paragraph 8.2.3. 

		applicability of the method (see paragraph 7.2.1). Statistical analysis should be used to 



		characterize the uncertainties associated with inputs and output from the analysis in order to demonstrate compliance with § 450.115(b). 

		7.2 Assumptions and Justifications. The description of methods must include the assumptions used and their justifications, per § 450.115(c)(2). An assumption is an axiom or postulatethat is relevant to 

		1

		1



		2 

		2 





		supporting the methods. Justifications provide reasons that support the use of a stated assumption. Assumptions related to methods used to perform analysis should be 

		considered in several categories. A first category is the range of applicability, or the scope, for which methods are intended to cover and not cover. A second category includes the assumptions about which physical phenomena are relevant to the modeling. Thus, a technical description should identify the set of conditions or bounds that define when the scientific principles used are established to be valid. A third category covers the assumptions about data availability and uncertainty. A fourth category is 

		Note: The FAA has found that overlooking important assumptions and insufficient justifications for assumptions are a primary reason that methods are deemed unacceptable. 

		7.2.1 The description should identify intended uses and permissible use of the method (see Ref 3). This should be listed as a set of constraints or limitations, ideally expressed mathematically, e.g., only when parameter X is less than parameter Y. The scope of a method may be limited for many reasons. One common reason is that the range of data that was used to develop the method is limited, and it is inappropriate to extrapolate 

		Scope of the Method. 



		beyond the range of the data. Another common reason is that assumptions have been 

		applied to simplify the modeling approach (see paragraph 0). 



		7.2.2 

		7.2.2 

		The description should identify the assumptions that are made about which physical phenomena are relevant to the models used in the method. These assumptions are often based on the time scale or length scale of the effects being studied. As a very simple example, when dealing with rocket flight, Newtonian physics are normally sufficient; it is unnecessary to consider relativistic or quantum effects. These kinds of assumptions generally make a problem more manageable and easier to model and are necessary to 

		Physical Phenomena. 





		fewer degrees of freedom (see the discussion in AC 450.115-1A regarding malfunction trajectory analysis). 

		7.2.3 Two key areas of assumptions are important regarding data. First, an analysis often requires data that changes with time. As such, a key assumption is that the data will be available -and available in the timeframe required. A second assumption is that the data accuracy and thoroughness achieve a certain level. The description should identify the assumptions/conditions used regarding the accuracy and timeframe for data input.  These two assumptions should normally lead to flight commit criteria to ens

		Data. 



		should identify all assumptions in the method regarding the nature and extent of the uncertainties for data input. 

		7.2.4 The description should identify any assumptions regarding the human operators involved in the method.  A process of analysis involves humans as well as software. Most analysis approaches require some level of skill from the analyst; it is an assumption that the analyst has such skills. These skills are an essential element in verifying the proper operation of software, both in terms of using proper inputs and validating outputs. Likewise, humans have practical limits; this is relevant for analysis in 

		Human Operators. 



		specific example is the time it takes a mission flight control officer to identify a failure and initiate flight termination action. 

		7.3 Level of Fidelity. Section 450.115(c)(3) requires a description of the methodology to include a rationale for the level of fidelity. Assessing fidelity is a comparison of an approach, process, model, or simulation to the real-world. One form of fidelity is accuracy which is the 

		closeness of a parameter or variable (or a set of parameters or variables) within a model, simulation, or experiment to the true value. 

		Section 450.115(c)(3) is not referencing the justification for the choice of the level of fidelity, but rather the discussion of how the level of fidelity of the method was determined and characterized. Using qualitative terms (e.g., high-fidelity) to describe the fidelity of a method is sometimes misleading and should be avoided.Qualitative terms may be useful for discussion of the relative fidelity of different methods. 

		3 

		3 





		7.3.1 Instead, a quantitative measure of fidelity should be determined: the bias and uncertainty. Bias is systematic tendency for a prediction to be skewed in "one direction" as compared to the actual value. This may be intentional, such as biasing toward more safety. This may be accomplished by choosing an upper bound instead of a mean value (especially when a "reasonable upper bound" might be easier to justify than the full distribution or as a simplifying approximation). Uncertainty is quantified by a pr

		Bias and Uncertainty. 

		both aleatory and epistemic uncertainties should be considered (see Reference 5). 



		safety analysis method has sufficient fidelity to establish compliance with the safety criteria accounting for bias and uncertainty in accordance with § 450.115(b).  

		7.3.2 Rationale can be considered from two different perspectives.  One is the rationale for the choice of the level of fidelity, which of course has implications to the operator. Generally, a higher fidelity model is more costly to implement and operator, but often reduces the mitigations that are required to protect safety thus saving other costs. However, the FAA does not assess these considerations, so they are not relevant and need not be discussed as part of the method. Instead, as noted above, the me

		Rationale. 



		for different parallel parts of a method (e.g., different fidelity for different failure response modes in § 450.119); these should be characterized separately. 

		7.4 Verification and Validation. Verification and Validation (V&V) refer to activities performed to determine that a product, service, and/or system meets requirements and specifications and that it fulfills its intended purpose. V&V activities can include testing, analysis, demonstration, and inspection. V&V evidence, as required by § 450.115(c)(4), refers to documentation showing that V&V activities have occurred. V&V evidence can include test procedures and reports, analyses, and demonstration and inspec

		many ways an analysis can produce the wrong result: a model can be incorrect for the scenario being analyzed, software can incorrectly implement a model, a user can 

		many ways an analysis can produce the wrong result: a model can be incorrect for the scenario being analyzed, software can incorrectly implement a model, a user can 

		incorrectly operate software, etc.  Thus, the model, the software and/or hardware, and the processes to operate the model all need to have appropriate V&V. 



		7.4.1 Verification is the evaluation that a product, service, or system complies with a regulation, requirement, specification, and/or imposed condition. In the specific context 

		Verification. 



		of § 450.115(c), verification is the evaluation that the implemented process matches the documented approach described in § 450.115(c)(1).  

		7.4.2 Validation is the assurance that a product, service, or system meets the needs of the operation. For a simulation (model), validation demonstrates that it adequately reflects Successful validation establishes that the method accomplishes the intended purpose in the intended environment. It often involves acceptance and suitability with operation control needs and natural phenomena. Validation ensures that accuracy, bias, assumptions, and uncertainty satisfy associated requirements. One aspect of valid

		Validation. 

		the Real-World System (RWS) (see paragraph 4.1) that it is intended to emulate. 



		development of the models; a discussion of the relevance of such benchmarks to the actual scenario is required in § 450.115(c)(5). 

		7.4.3 Applicants should follow standard practices for performing V&V. The type of process 

		Standards. 



		used depends on the type of element undergoing V&V. Examples of standard practices include: 

		• 

		• 

		• 

		approach. However, the scope of these documents do not include V&V of procedures for operational use of resulting software. 

		For modeling and simulation, NASA-HDBK-7009A (Reference 6 in section 3.4) 

		and MIL-STD-3022 (Reference 3 in section 3.4) each provide a comprehensive 





		• 

		• 

		For computing systems, including software, AC 450.141-1 provides an overview and references to specific sources. 



		• 

		• 

		For V&V of processes, procedures, and responsibilities, a quality management 

		system is typically used, such as ISO 9001 (Reference 14 in section 3.4). 





		• 

		• 

		For maintaining on-going V&V of software, the CMMI Model (Reference 15 in 

		section 3.4) provides an approach. 







		For nearly all methods, all four of these aspects should be addressed in the application material, often even for the same element of a method. 

		7.4.4 The appropriate rigor of V&V depends on the level of criticality (see AC 450.141-1 for discussion of levels of criticality). A higher level of criticality should have more rigor in the V&V process. A V&V effort performed by an independent organization provides higher rigor than an internal V&V. As example, for software, the V&V activities for high criticality custom software should include testing by a test team independent of the development division or organization consistent with the intent of 450.

		Rigor Based on Level of Criticality. 



		V&V can be quite straightforward, such as two staff independently implementing in a spreadsheet 

		7.4.5 

		Evidence. 



		To demonstrate compliance with the V&V requirement of § 450.115(c)(4), the application should: 

		• 

		• 

		• 

		Define levels of criticality and the standards used for V&V for each level of criticality, 



		• 

		• 

		Identify the system, process, and software (items) that are used to perform the analysis, 



		• 

		• 

		Document the rationale for the level of criticality of each item, 



		• 

		• 

		Identify the standards used to perform V&V for each item, and 



		• 

		• 

		Provide sample artifacts of V&V for each item. 





		7.4.6 Many items that are used in a safety analysis are obtained from market sources and it is difficult, or perhaps impossible, for operators to provide the standards for V&V or artifacts. For generally used items that is not specially designed for launch and reentry analysis, the FAA does not expect operators to provide these. However, the way an operator uses the item is subject to V&V requirements.  So, for example, there is no need to provide evidence of V&V for Microsoft Excel, but there is for the im

		Off-the-shelf Items. 



		expected to document third party product usage policies that provide for application-specific V&V, see § 450.141(c)(8). 

		7.5 Benchmarks. Section 450.115(c)(5) requires that the description include “the extent to which the benchmark conditions are comparable to the foreseeable conditions of the intended operations.” Benchmarks are data sets of input data and associated results to which an analysis (or part of an analysis) can be compared. Benchmarking is a key element of 

		validation (see above). In some cases, actual events have shown that prior analysis methods were significantly incorrect, typically making incorrect assumptions.  

		Note: As time progresses, additional benchmarks become available. If new data becomes available that appears to have a material effect on the validity of a method, in accordance with § 450.101(g), the FAA may require consideration of such new information. 

		7.5.1 Appropriate benchmarks are sometimes difficult to obtain and rarely cover exactly the scenarios that will be modeled by the analysis. Of course, the closer a benchmark is to the actual scenario, the more confidence the benchmarking provides to the analysis— and thus the lower the uncertainty, which is relevant to § 450.115(b). The necessary comprehensiveness of benchmarking corresponds to the level of fidelity of the analysis. A low fidelity method may be benchmarked at the top-level of FSA analysis, 

		Choosing Benchmarks. 



		dependent on a particular sub-model benchmarking should be accomplished at the sub-model level. 

		7.5.2 The “extent to which the benchmark conditions are comparable” is an important topic. The discussion should review each benchmark that was considered as part of the validation and compare the conditions to the conditions within the scope of the method This discussion also supports the assessment of the level 

		Comparison to Benchmarks. 

		identified in paragraph 7.2.1. 



		benchmarks inherently has high uncertainty. 

		of fidelity of a method (see paragraph 7.3). A method that has limited or no relevant 



		7.6 Risk Mitigations. Section 450.115(c)(6) requires discussion of “which risk mitigations are accounted for in the analysis.” Mitigations must be described in the functional hazard analysis (FHA), per § 450.107(b). The FSA method should relate applicable FHA mitigations to a specific implementation in the FSA and thus quantified in the analysis. The FSA should account for all flight safety limits and other operational limits identified in the flight commit criteria. For example, a wind-weighted rocket FSA 

		impacts of any mitigations on the FSA and discuss the extent to which they are implemented. 

		8 STANDARD OF SUFFICIENCY. 

		8.1 Content. Each flight safety analysis regulation is primarily a set of technical performance requirements: the sections prior to the "Application Requirements" section. The application must show in the description that the method results in compliance with each of these requirements. The application should be explicit about presenting the case for why the method results in compliance. A more thorough and rigorous explanation will reduce iteration during the evaluation process. This could be considered li

		has often not provided sufficient clarity as to how and why the method demonstrates compliance. 

		8.1.1 The description should include careful exposition of the logic of methodology. This should clearly demonstrate the derivation of the specific method from empirical 

		Logic and Mathematics. 



		the analysis needs to be complete, accurate, and well-integrated into the narrative. 

		evidence or generally accepted (see paragraph 4.2) methods. The mathematics used in 



		8.1.2 Usually, many analysis steps are used to provide a comprehensive and valid method for a single regulation. The requirements in a regulation are not necessarily organized by the analysis flow and reflect the interdependence of the nature of the elements of an FSA. For example, § 450.123(b) includes four constraints that apply to the entire method and cannot be satisfied by separate sub-models. The FAA intends to provide checklists for typical elements of the methods within ACs for each regulatory requi

		Topics. 



		tool by software tool basis. The description of methods should clearly identify these elements. 

		8.2 Validity. All analyses used to demonstrate compliance with § 450.101 must be valid in accordance with § 450.101(g). As evidenced by its placement in § 450.101 Safety Criteria, this is a fundamental requirement. Further, in accordance with § 450.37(b), all analyses must demonstrate compliance with § 450.101(g), no equivalent level of safety 

		is allowed.  There are four aspects to validity in the regulation, as described in the paragraphs below. 

		8.2.1 Accurate data encompasses both the data upon which scientific models are based and the input data specific to the analysis being performed. Scientific models are based on empirical evidence and experimental results. The data for a specific analysis is based on measurements that are needed as input to the models, including the vehicle properties and the environment. All measurement data has uncertainty; uncertainty must be accounted for when evaluating safety metrics, per § 450.115(b). Accurate data do

		Accurate Data. 



		domain in which they were measured, especially to different physical regimes or locations. 

		8.2.2 

		Accurate Scientific Principles. 



		Accurate scientific principles are those that are developed through the process of formulating hypotheses and then conducting experiments to test the hypothesis. To evaluate the validity of a method, the following should be considered: 

		4

		4





		• 

		• 

		• 

		Whether the technique or theory in question can be, and has been tested; 



		• 

		• 

		Whether it has been passed a peer review; 



		• 

		• 

		Its known or potential error rate; 



		• 

		• 

		The existence and maintenance of standards controlling its operation; and 



		• 

		• 

		Whether it has attracted widespread acceptance within a relevant scientific community.  

		See the definition of “Generally acceptable” in paragraph 4.2. 







		This standard allows an applicant to use a novel approach, provided it has been developed with the scientific method. 

		8.2.3 Valid statistical methods are approaches to analyzing data that are generally accepted The starting point is to clearly define the goal of the analysis, and then a statistical analysis can be considered as four steps: collection, analysis, inference, and validation. A complete description of a valid statistical method should include documentation of each of these steps, usually following the structured approach of a Since the safety criteria are 

		Valid statistical methods. 

		(see paragraph 4.2). 

		standard statistical method (see paragraph 7.1.2). 



		fundamentally statistical measures, statistical approaches are discussed in every FSA AC. 

		S. Ct. 2786, 125 L. Ed. 2d 469 (1993) 

		8.2.4 The final sentence of § 450.101(g) reads: 

		Consistency with Past Results. 



		The method must produce results consistent with or more conservative than the results available from previous mishaps, tests, or other valid benchmarks, such as higher-fidelity methods. 

		This connects to the requirements of § 450.115(c)(4) and (5), discussed in paragraphs 

		As discussed, the availability of benchmarks is limited, but where there are benchmarks, the results of the method must be compared to them. Operations by the applicant are clearly necessary to be considered. The "consistent with or more conservative than" means that any bias in the method should be toward increased public safety. This phase can be most easily understood in the context of the risk analysis products: larger individual risk values, more restrictive flight safety limits, higher predictions of 

		7.4

		and 7.4 above. 



		8.3 Editorial Requirements. All application materials must be written and in English per § 413.7. Materials should use correct grammar, syntax, usage, spelling, and punctuation, as well as being consistent in the handling of capitalization, hyphenation, abbreviations, and numbers. As highly technical documents with safety implications, method descriptions should undergo internal substantive review and then thorough copyediting and proofreading before submission. A well-written and edited document is more li

		additional understanding of how these requirements apply to descriptions of methods. The FAA does not require any particular style or formatting.  

		8.3.1 The material should contain a glossary of unique terms and acronyms used in alphabetical order, per 450.45(e)(1)(i). These are typically separate tables or lists in the front matter of a document. Unique terms are those that are not generally known (within the field of the subject of the document) or those that have a precise meaning within the document. The application should use terms as defined in § 401.7; any exceptions 

		Glossary. 



		should be avoided, and, when unavoidable, specifically noted. Very common acronyms, e.g., U.S. for United States, may be omitted, but all others must be included. 

		8.3.2 The description should contain a listing of all referenced material, per 450.45(e)(1)(ii). No particular format of references is recommended by the FAA, but a standard format should be used, such as Chicago Manual of Style, Council of Science Editors (CSE) style, American Psychological Association (APA) style, or Institute of Electrical and Electronics Engineers (IEEE) style. The applicant should include the Uniform Resource Identifier (URI), International Standard Book Number (ISBN), or Uniform Resou

		Reference List. 



		method. Wherever another document is referenced, the reference should indicate specific section, subsection, equation, or page number. 

		8.3.3 The descriptions must use equations and mathematical relationships derived from or referenced to a recognized standard or text, per 450.45(e)(1)(iii), i.e. one that is technical assumptions. There should be no "orphan" equations; all equations must be cited to an external source or derived within the description. Most equations are limited to certain regimes of applicability and/or include simplifying assumptions. A recognized standard or text should characterize these, and the applicant should be cle

		Derivations. 

		generally accepted (see paragraph 4.2). There should be no unsubstantiated claims or 



		straightforward sources that allow easy referencing.  

		these affect the derived results. Handbooks, such as References 12 and 13, provide 



		8.3.4 The descriptions should define all algebraic parameters, per 450.45(e)(1)(iii). These 

		Notation. 



		should be defined within the text when first used. They may also be provided as a list of notations used in the front matter. 

		8.3.5 The descriptions must include the units of all numerical values provided, per 450.45(e)(1)(iv). Units are often only relevant in the context of a specific coordinate 

		Units. 



		system, especially a reference point, so that should be clear as well. Consistent unit systems should be used to the maximum extent possible. 

		8.3.6 All schematic diagrams must include a legend or key that identifies all symbols used, per 450.45(e)(1)(v). All maps and charts should also include a legend or key so that the reader can easily interpret the information. Axes should be labeled clearly, including 

		Diagrams. 



		units where relevant. Applicants should avoid complex figures that require significant discussion to understand. Further, the application should make clear in the text the 

		units where relevant. Applicants should avoid complex figures that require significant discussion to understand. Further, the application should make clear in the text the 

		conclusions that are drawn from each diagram; it should not be assumed that the reader has the same interpretation of the information. 



		8.4 Depth of Detail. The FSA methodology should be verifiable, inspectable, and repeatable, which means being explicit about details. The description should be sufficient that it produces consistent results using the same set of input data. Later, with specialized tools, training on the use of those tools, and using the same inputs and following the same approach, one should be able to reproduce consistent results and derive the same conclusion as posted by the applicant's flight safety analysis. The flight

		necessary to provide an algorithmic implementation (e.g., pseudo-code) or software code. Use of standard mathematics such as linear algebra or calculus can be assumed. 

		8.5 Review and Revision Process. 

		An applicant must submit new and revised flight safety analysis methods to the FAA, and those methods must be accepted, prior to application submission in accordance with § 450.35(a)(1). The process from initial submission of methods to acceptance has 

		5

		5





		often involved multiple iterations between the applicant and the FAA. Iterations can be reduced by a thorough internal process by the applicant of methods descriptions prior to submission. This vetting process should rigorously scrutinize the documentation: challenging assumptions, identifying logical leaps, and ensuring that language is definitive. 

		The typical process for review of a description of methods involves the FAA providing feedback to the applicant with the applicant revising and then resubmitting. The FAA screening. The screening does not aim to identify technical issues. At the conclusion of the screen, the FAA typically identifies to applicants of material that is expected but is not found, or that the material has passed the screening. The FAA will not proceed to further evaluation of a description of methods until this screening finds t

		normally first performs a checklist review (see paragraph 8.1.2), which is only a 



		8.5.1 The FAA normally provides a maturity rating as part of its feedback to help applicants understand the significance of the issues in the method. The maturity levels are shown These maturity levels are unrelated to the complete enough assessment, which occurs after application submission, whereas the methods must be accepted prior 

		Maturity Rating. 

		in Table 1. 



		to submission. Applicants should be aware that it typically requires a significant effort to move up a single maturity level. 

		Table 1 - Methodology Maturity Levels 

		Maturity Level 

		Maturity Level 

		Maturity Level 

		Reason(s) 



		5 – Very Mature 

		5 – Very Mature 

		May need minor clean-up (minor misstatements, reference problems) 



		4 – Nearly Mature 

		4 – Nearly Mature 

		Documentation is solid, but not yet comprehensive (additional material could expose new issues) Technical approach is nearly acceptable, but there are minor reasons that need to be corrected for the approach to be satisfactory, There are meaningful but not major errors. 



		3 – In-process 

		3 – In-process 

		Technical approach appears reasonable, but significant gaps remain for the explanation to be complete or correct. Compliance with § 450.115(c) across the whole analysis has significant gaps. 



		2 – Immature 

		2 – Immature 

		Significant concerns about the technical approach (the fundamental idea is sound, but the implementation and/or details need a lot of work). Significantly substandard response to an aspect of § 450.115(c). 



		1 – Invalid 

		1 – Invalid 

		Fundamental problem(s) with the technical approach, i.e. it does not produce the products needed, or it is not viable for the intended application. Clear lack of understanding of the requirements of an aspect of § 450.115(c) 



		0 – Not Complete Enough 

		0 – Not Complete Enough 

		Does not cover all required technical topics or does not discuss an aspect of § 450.115(c) for each technical topic. 





		8.5.2 Applicants should carefully review all feedback received and submit a revision of the description of the methods for review. Applications should take care to avoid minimizing the comments. The summary of feedback is particularly important as it aims to provide clear identification of the major issues and their severity. If the applicant feels the FAA feedback indicates that a portion of the material was overlooked, is factually incorrect in the feedback, or is inconsistent with the regulation, the app

		Response to Feedback. 



		responding, a meeting with the FAA may be requested. Applicants should not use the meeting as forum to debate or to seek assurances on a proposed solution. 

		8.5.3 

		Recommendations. 



		To make this process maximally efficient and reduce iterations, the FAA notes the following: 

		• 

		• 

		• 

		Applicants should aim to ensure that all feedback has a comprehensive response within the revised description.  Only material in the description of methods document(s) are used as the basis for evaluation (e.g. not other responses to comments). 



		• 

		• 

		Attempts to quickly fix a significant issue in a method are rarely found satisfactory. 



		• 

		• 

		Rigorous internal review of all submissions is recommended. An inadequate response to FAA feedback will prolong the review cycle. 



		• 

		• 

		Applicants should specify, for each comment, where in the revised submission the response has been made. 



		• 

		• 

		Applicants are encouraged to submit both a “red-line” and a “clean” version of description revisions to aid reviewers in finding changes, unless the material has undergone such a significant revision that showing individual changes would not be meaningful. 



		• 

		• 

		Configuration management of documents is very important; documents should be assigned unique identification codes with unique revision numbers. A revision history should be maintained within each document. The accuracy of such information should be verified immediately prior to submittal. 





		8.6 Example. To illustrate the depth and rigor that provides sufficient material to demonstrate the 

		approach is valid, this section presents two fictional examples. These examples are both descriptions of a three degree of freedom (3DOF) propagation. 

		8.6.1 An example of a description with insufficient detail is shown in Figure 1. The method is described using a single sentence without any references to the governing mathematics, numerical analysis, or sources of data. This example is an unacceptable submission because there is a wide variety of potential implementations of this that could result in very different results. The FAA cannot determine the fidelity of the physics that are incorporated, whether the numerical approach is valid, or whether the i

		Insufficient Description. 



		software used, there is no basis on which to inspect that the approved software is being used for a particular mission. 

		Figure 1 -Method Description with Insufficient Detail 

		Debris impact locations are calculated using a 3DOF propagator that incorporates air density and wind using our in-house tool. 

		8.6.2 An example of a description with sufficient detail is shown in Figure 2. This description is still less than 200 words, but now is precise. This approach required no model development or mathematical derivation by the applicant, existing approaches are simply linked together. The reference to existing approaches also allows the FAA to quickly evaluate the validity of the approach. These requirements are now sufficient for writing an algorithm to perform this calculation, which is then the basis for ve

		Sufficient Description. 



		of the implementation. This further provides an unambiguous basis for an inspection by the FAA. 

		Figure 2 – Method Description with Sufficient Detail 

		A standard approach to three degree-of-freedom (3DOF) computational simulation is used to compute trajectories for uncontrolled, unpowered objects. It is implemented in our SB_BallisticPropagation software module. Input data are the initial position and velocity in earth-centered inertial (ECI) coordinates; the object’s ballistic coefficient as a function of Mach number; and the specification of a 3-D atmospheric model (e.g., a Global Forecast System forecast). Equations of motion are appropriate for a rota

		[2] with an initial timestep of 1E-6 seconds (this timestep is much smaller than any meaningful changes in parameters on the scale of rocket flight). Earth parameters through J2 are from WGS84 [3]. Extraction and transformation of air density, speed of sound, and wind data are discussed in 3rd party software documentation [4]. The specific atmospheric data depends on the analysis phase, as discussed in section X.X. The output is the trajectory (time, position, velocity) of the object in ECI coordinates from
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1 PURPOSE. 


This advisory circular (AC) provides guidance and a comprehensive method for 


performing a normal trajectory analysis in accordance with § 450.117 of title 14, Code 


of Federal Regulations (14 CFR). A normal trajectory analysis is a required component 


of a flight safety analysis (FSA), per § 450.117(a). As such, the requirements of 


§ 450.115 are applicable to the trajectory analysis developed under § 450.117. 


1.1 Analysis Scope. 


In accordance with § 450.115(b)(1), an FSA must demonstrate that any risk to the 


public satisfies the safety criteria of § 450.101, including the use of mitigations, and 


account for all known sources of uncertainty, using a means of compliance accepted by 


the FAA Administrator. In accordance with § 450.101(g), for any analysis used to 


demonstrate compliance with § 450.101, an operator must use accurate data and 


scientific principles. Also, the analysis must be statistically valid. Also, in accordance 


with § 450.101(g), the method must produce results consistent with or more 


conservative than the results available from previous mishaps, tests, or other valid 


benchmarks, such as higher-fidelity methods. 


1.2 Description of Methods. 


To satisfy the requirements of § 450.115(c), an applicant must submit a description of 


the flight safety analysis methodology, including identification of: 


 The scientific principles and statistical methods used; 


 All assumptions and their justifications; 


 The rationale for the level of fidelity; 


 The evidence for validation and verification required by § 450.101(g); 


 The extent to which the benchmark conditions are comparable to the foreseeable 


conditions of the intended operations; and 


 The extent to which risk mitigations were accounted for in the analyses. 


1.3 Level of Imperatives. 


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. Other means of regulatory compliance may be 


acceptable, but must be approved by the Administrator in accordance with § 450.35(b). 


In addition, an operator may tailor the provisions of this AC to meet its unique needs, 


provided the changes are accepted as a means of compliance by the Administrator. 


Throughout this document, the word “must” characterizes statements that directly 


follow regulatory text and therefore, reflect regulatory mandates. The word “should” 


describes a requirement if electing to use this means of compliance; variation from 


these requirements is possible, but must be justified and accepted by the FAA as an 


alternative means of compliance. The word “may” describes variations or alternatives 


allowed within the accepted means of compliance set forth in this AC. In general, these 
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alternative approaches can be used only under certain situations that do not compromise 


safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 


applying for a license under part 450. The guidance in this AC is for those seeking a 


launch or reentry vehicle operator license, and a licensed operator seeking to renew or 


modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right and the FAA will not rely upon this 


guidance as a separate basis for affirmative enforcement action or other administrative 


penalty. Conformity with this guidance document (as distinct from existing statutes and 


regulations) is voluntary only, and nonconformity will not affect rights and obligations 


under existing statutes and regulations. It describes acceptable means, but not the only 


means, for demonstrating compliance with the applicable regulations. The FAA will 


consider other means of compliance that an applicant may elect to present. 


2.3 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 


3 APPLICABLE REGULATIONS AND RELATED GUIDANCE DOCUMENTS. 


3.1 Related U.S.C. Statute. 


 51 U.S.C. Subtitle v, chapter 509. 


3.2 Related FAA Commercial Space Transportation Regulations. 


The following 14 CFR regulations must be accounted for when showing compliance 


with 14 CFR § 450.117. The full text of these regulations can be downloaded from the 


U.S. Government Printing Office e-CFR. A paper copy can be ordered from the 


Government Printing Office, Superintendent of Documents, Attn: New Orders, 


P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


 Section 401.5, Definitions. 


 Section 450.35, Means of Compliance. 


 Section 450.101, Safety Criteria. 


 Section 450.108, Flight Abort. 


 Section 450.110, Physical Containment. 


 Section 450.111, Wind Weighting. 


 Section 450.113, Flight Safety Analysis Requirements-Scope. 



http://www.ecfr.gov/
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 Section 450.115, Flight Safety Analysis Methods. 


 Section 450.133, Flight Hazard Area Analysis. 


 Section 450.135, Debris Risk Analysis. 


 Section 450.137 Far-field Overpressure Blast Effects Analysis. 


 Section 450.139 Toxic Hazards for Flight. 


 Section 450.161, Control of Hazard Areas. 


 Section 450.169, Launch and reentry collision avoidance analysis requirements 


 Section 450.213, Pre-flight Reporting. 


3.3 Related FAA Advisory Circulars. 


FAA Advisory Circulars are available through the FAA website, http://www.faa.gov. 


 AC 413.5-1, Pre-Application Consultation, when published. 


 AC 450.101-1A, High Consequence Event Protection, dated May 20, 2021. 


 AC 450.108-1, Flight Abort Rule Development, dated July 27, 2021. 


 AC 450.110-1, Physical Containment Flight Safety Analysis, when published. 


 AC 450.115-1A, High-Fidelity Flight Safety Analysis, dated June 22, 2021. 


 AC 450.115-2, Medium-Fidelity Flight Safety Analysis, when published. 


 AC 450.119-1, High-Fidelity Malfunction Trajectory Analysis, when published. 


 AC 450.123-1, Population Exposure, when published. 


3.4 Other References Related to Normal Trajectory Analysis. 


1. Common Risk Criteria for National Ranges (Rep. No. 321-10), White Sands, NM: 


Risk Committee, Range Safety Group, Range Commanders Council, 2010. 


2. Department of Defense World Geodetic System 1984, Its Definition and 


Relationships with Local Geodetic Systems, Third ed., Amendment 1, Tech. No. 


NIMA TR8350.2, National Imagery and Mapping Agency, 2000. 


3. Zipfel, P. H. Modeling and Simulation of Aerospace Vehicle Dynamics (Illustrated 


ed., Education). American Inst. of Aeronautics and Astronautics, 2001. 


4. Vinh, N. X. Flight Mechanics of High-Performance Aircraft (Ser. 4). Cambridge: 


Cambridge University Press, 1995. 


5. Regan, F. J. & Anandakrishnan, S. M., Dynamics of Atmospheric Re-Entry (AIAA 


Education). American Institute of Aeronautics and Astronautics. 1993. 


6. Tewari, A. Atmospheric and Space Flight Dynamics: Modeling and Simulation with 


MATLAB and Simulink. Birkhäuser, 2007. 



http://www.faa.gov/
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7. Gras, T., E. Larson, E. Porterfield, “Improved Correlation of Uncertainty Within 


Trajectory Sets,” 10th International Association for the Advancement of Space Safety 


Conference, Los Angeles, California, May 2019. 


8. Global Positioning System Precise Positioning Service Performance Standard (GPS 


PPS PS). DoD Positioning, Navigation, and Timing Executive Committee, 2007. 


9. Leslie, F.W., and C.G. Justus, The NASA Marshall Space Flight Center Earth 


Global Reference Atmospheric Model—2010 Version, NASA/TM—2011-216467, 


https://ntrs.nasa.gov/citations/20110012696. 


10. U. S. Standard Atmosphere, National Aeronautics and Space Administration, 


NASA-TM-X-74335, Washington D.C., October 1976, 


https://ntrs.nasa.gov/citations/19770009539. 


11. Emmert, J.T., “Thermospheric mass density: A review,” Advances in Space 


Research, Volume 56, Issue 5, 2015, Pages 773-824, 


https://doi.org/10.1016/j.asr.2015.05.038. 


12. Fink, R. USAF Stability and Control DATCOM. AFWAL-TR-83-3048. McDonnell 


Douglas Corporation, Douglas Aircraft Division, for the Flight Controls Division, 


Air Force Flight Dynamics Laboratory, Wright-Patterson AFB, Ohio. October 


1960, revised November 1965, revised April 1978. See also 


http://www.pdas.com/datcomrefs.html for additional references. 


13. Computational Fluid Dynamics Committee, Guide for the Verification and 


Validation of Computational Fluid Dynamics Simulations, AIAA G-077-


1998(2002), 1 Jan 1998, https://doi.org/10.2514/4.472855. 


The industry documents referenced in this paragraph refer to the current revisions or 


regulatory authorities’ accepted revisions. 


4 DEFINITIONS. 


For this AC, the terms and definitions from § 401.7, and this list, apply: 


4.1 Debris Risk Analysis. 


A quantitative evaluation of the probability and severity of potentially adverse 


consequences from hazards due to explosive and inert items from vehicle launch or 


reentry. 


4.2 Degrees of Freedom (DOF). 


The number of independent parameters that define a configuration or state for a 


mechanical system.  


4.3 Flight Safety Analysis (FSA). 


An FSA consists of a set of quantitative analyses used to determine flight commit 


criteria, flight abort rules, flight hazard areas, and other mitigation measures and to 


demonstrate compliance with the safety criteria in § 450.101. 



https://ntrs.nasa.gov/citations/20110012696

https://ntrs.nasa.gov/citations/19770009539

https://doi.org/10.1016/j.asr.2015.05.038

https://docs.google.com/open?id=0B2UKsBO-ZMVgMXZqVmFjcnR3dlU

http://www.pdas.com/datcomrefs.html

https://doi.org/10.2514/4.472855
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4.4 State Vector. 


A set comprised, at minimum, of the three-component position and three-component 


velocity associated with a point in time along a vehicle’s trajectory. A state vector may 


also include vehicle mass, thrust, orientation, angular velocity, and other parameters. 


5 ACRONYMS. 


CFD – Computational fluid dynamics 


DOF – Degrees of freedom 


FSA – Flight Safety Analysis 


GPS – Global Positioning System 


HWIL – Hardware in the Loop 


IIP – Instantaneous Impact Point 


NASA – National Aeronautics and Space Administration 


WGS – World Geodetic System 


USAF – United States Air Force 


6 PURPOSES OF NORMAL TRAJECTORY ANALYSIS. 


6.1 Background. 


In order to demonstrate compliance with § 450.101, an applicant must perform an FSA, 


unless agreed to by the Administrator based on demonstrated reliability, per § 450.113. 


An FSA consists of a set of quantitative analyses used to demonstrate compliance with 


the safety criteria, determine flight hazard areas and other mitigation measures, and 


determine flight commit criteria and flight abort rules. Sections 450.117 


through 450.131 specify the requirements for analyses necessary to develop quantitative 


input data used to inform portions of the FSA. Section 450.117 specifies the constraints 


and objectives of analyses sufficient to characterize the trajectory of the vehicle during 


normal flight. Trajectory analysis is conducted by performing numerical simulations of 


the flight of a vehicle, incorporating all the vehicle properties (e.g. mass distribution, 


shape), external environment (e.g. atmosphere, wind), and all relevant physical forces 


(e.g. thrust, aerodynamics). A nominal trajectory is developed from a simulation where 


each input parameter is set to the expected value. Normal trajectories are developed by 


simulating flight where input parameters are instead sampled within the range of 


expected values. Thus, a trajectory analysis for normal flight is meant to analyze the 


variability in the intended trajectory and the uncertainties due to random sources of 


dispersion, such as winds and vehicle performance. 
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6.2 Scope. 


6.2.1 For an FSA, the normal trajectory data must cover all phases of flight, as specified in 


§ 450.113(a): 


(1) For orbital launch, from liftoff through orbital insertion, and through all 


component impacts or landings; 


(2) For suborbital launch, from liftoff through all component impacts or landings; 


(3) For disposal, from the initiation of the deorbit through final impacts; and 


(4) For reentry, from the initiation of the deorbit through all component impacts 


or landings. 


6.2.2 There are two important clarifications regarding this scope: 


 In accordance with §§ 450.113(a)(1) and (2), a flight safety analysis is 


performed and documented for an orbital or suborbital launch, respectively, 


from liftoff. Section 401.7 defines “liftoff” to mean any motion of the launch 


vehicle with intention to initiate flight. Therefore, the nominal trajectory for 


launch vehicle systems that employ a captive carry phase, such as a piloted or 


unpiloted aerial vehicle or balloon, begins at first motion of the launch vehicle 


with the intention to initiate flight.1 


 For a single operation, there are normally a set of nominal trajectories, to 


include all parts of the vehicle. For each vehicle part, the normal trajectory 


analysis should continue until breakup is assured or impact occurs, as consistent 


with § 450.113(a). 


6.3 Use in Flight Safety Analysis. 


This AC provides acceptable means of compliance for the development of trajectory 


analyses that are required to address normal flight in accordance with § 450.117. Proper 


trajectory simulations are needed to support a valid FSA, which demonstrates 


compliance with acceptable risk thresholds and determines sufficient hazard areas. 


Flight planning also normally considers potential high-risk scenarios, and applies 


mitigations where possible, either implicitly (e.g. launching out over the ocean) or 


explicitly (e.g. avoiding overflight of islands before being sufficiently downrange). 


Normal trajectory simulations are necessary to perform the following general elements 


of a FSA: 


 To verify that the vehicle flight plan is achievable under the conditions at the time 


of launch, in accordance with § 450.117(c). 


 To identify the state vectors where a failure may occur, in order to initiate 


malfunction trajectory analysis, in accordance with § 450.119, or debris analysis, in 


accordance with § 450.121(c). The normal trajectory analysis is particularly 


                                                 
1 An FSA, including a trajectory analysis for normal flight, may not be required for the captive carry flight phase of 


flight, per § 450.113(b).  
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important for modeling the initial conditions for debris propagation of on-trajectory 


breakups and for simulation of flight in loss-of-thrust failures. 


 To determine the region where population data will be required (together with 


understanding of the malfunction flight distribution), in accordance with § 450.123. 


 To quantify the airspace volume and ground impact regions at risk due to planned 


launch vehicle ascent, reentry vehicle descent, jettison debris, and abort. These 


operations are required to develop land, waterborne vessel, and aircraft hazard areas 


in accordance with § 450.133. 


 To establish adequate flight abort rules, including flight safety limits, that define 


when an operator must initiate flight abort, in accordance with § 450.108, if flight 


abort is used. 


6.4 Use for Other Parts of Licensing. 


Normal trajectories are also used in other parts of the license application. They are used 


as input to: 


 Environmental review, per § 450.47. 


 Safety-critical system design, test, and documentation, per § 450.143. 


 Highly reliable flight safety system, per § 450.145. 


 Collision avoidance analysis, per § 450.169. 


 Pre-flight analysis, per § 450.213. 


 Financial responsibility requirements, per Part 440. 


6.5 Analysis Applies to a Single Flight. 


A normal trajectory analysis should be performed for each planned operation of a 


vehicle separately and needs to consider potential variation within the operation (see 


paragraph 8.2). A license may apply to multiple flights, but the normal trajectory 


analysis is specific to each flight. The application requirements include submission of 


the products of a representative normal trajectory analysis, and the same process should 


be performed for all flights. Thus, the normal trajectory envelope does not encompass 


all potential flights of a vehicle that could occur, but the expected range of trajectories 


for a single flight. The normal trajectory analysis for each flight should be used to 


generate the pre-flight mission information, in accordance with § 450.213(b)(2). 


6.6 Flight Events. 


Normal trajectory analyses should define the times of the key planned events of flight. 


This includes: 


 Motor ignitions and cutoffs; 


 Guidance computer mode changes; 


 Navigation data transitions; 
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 Configuration changes (separations, jettisons, and deployment of parachutes or 


aero-surfaces, etc.); and 


 Instantaneous impact point (IIP) becoming defined (for reentry) or undefined 


(during ascent to orbit). 


These events of flight are important to the overall FSA because they are associated with 


uniquely assigned failure probabilities and failure rates, debris lists, and flight safety 


system designs. For the nominal trajectory, times of key environmental conditions, such 


as maximum heating and dynamic pressure, should also be identified. 


7 TRAJECTORY SIMULATION. 


7.1 Consideration for Vehicle Systems. 


Normal trajectory simulations typically require the system designer to integrate 


navigation and flight control subsystems to maintain controlled stable flight. Chemical 


propulsion rockets, which are long cylindrical bodies, tend to be aerodynamically 


unstable and develop aerodynamic structural loads that break the vehicle if the angle of 


attack exceeds a narrow margin. Launch and reentry systems that employ active 


guidance control should have some form of flight computer and sensor suite to measure 


linear and angular accelerations of the vehicle and compare current vehicle state with 


the nominal state, sense the error, and apply corrective flight controls. Flight controls 


include movable aerodynamic surfaces, propulsion thrust vector adjustment, or attitude 


control/throttle thrust system actions. 


7.2 Simulation Implementation. 


The software used for trajectory simulation should have acceptance within the industry 


or use verified methods of 6 degree of freedom (6DOF) simulation. A 6DOF simulation 


is a simplification of the real world. For example, it does not normally include detailed 


fluid dynamic calculations, but instead approximates aerodynamics and vehicle mass 


redistribution with a limited number of coefficients. The paragraphs below discuss the 


input parameters that are appropriate for a 6DOF simulation. Also, an important aspect 


of flight simulation is the numerical integration of the equations of motion. The 


algorithm for selecting the timestep should be evaluated to ensure that timesteps are 


sufficiently short so that vehicle behavior is accurately captured. This should be 


evaluated by testing the algorithm to ensure that resulting trajectories are stable with 


respect to small changes in the timestep approach. References 3, 4, 5, and 6 in 


paragraph 3.4 of this AC provide algorithms for 6DOF simulation for launch and 


reentry vehicles. 


7.2.1 Small Vehicles. 


For small, suborbital, solid rocket vehicles (e.g. less than 2,000 lbs. liftoff weight), a 


rigid body 6DOF simulation may be used, and a number of codes are available. 


Trajectory Analysis and Optimization Software (TAOS) from Sandia National Labs, 


Optimal Trajectories by Implicit Simulation (OTIS4) from NASA, and Program to 


Optimize Simulated Trajectories II (POST2) from NASA are examples. A more 
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generalized toolset, such as Simulink with the Aerospace Blockset could also be used. 


These tools are also useful for large vehicles in initial planning phases, but the influence 


of non-rigid behavior should be incorporated for final flight planning. 


7.2.2 Medium to Large Vehicles. 


For most vehicles, a more sophisticated analysis is necessary to account for the vehicle-


specific complexities in guidance, materials (bending), locations (reference frames and 


loads), and other factors. It is possible to create these simulations in multibody 


dynamics tools, such as Adams from MSC Software, or within MathWorks suite of 


tools (SimMechanics and Simscape Multibody). Other companies have analogous 


products (Siemens Motion, Ansys Motion, RecurDyn, etc.). Most operators develop 


their own toolsets and verify them against these codes to allow for more customization. 


7.3 Developing Vehicle Parameters. 


For a proper 6DOF analysis, there will be a significant effort to develop vehicle 


parameters and model the control system. The nominal values and the expected 


variation in them should be considered. Time, when used as a dependent variable in 


these parameters, does not refer to absolute mission time, but the time relative to 


significant flight events (this distinction is important when developing dispersed 


trajectories). Alternatively, some parameters like mass properties may be dependent on 


the propellant use and will scale differently depending on thrust control. 


7.3.1 Mass Properties. 


Mass properties data includes total mass, the components of moments of inertia, and the 


center of gravity location. These values should reflect changes in the vehicle 


configuration (e.g. jettison) and depletion of consumables (e.g. propellant burn or 


venting). The mass properties should be developed for each vehicle configuration as a 


function of propellant load. For reentry vehicles, these values sometimes do not change 


after completion of the deorbit burn. Large control surface deflections and vehicle 


bending should be considered. Movement of propellant within the fuel tank should be 


accounted for where relevant. Propellant moves due to inertial forces and depends on 


vehicle orientation. Different vehicles have a variety of ways of compensating for 


propellant motion; these will affect the mass distribution. The mass properties will 


typically be developed in concert with the propulsion and any changes required in 


vehicle configuration. Uncertainties in propellant load and payload mass should be 


considered. 


7.3.2 Aerodynamic Properties. 


The complexity of aerodynamic parameters depends on the control system of the 


vehicle. For a nearly axisymmetric thrusting rocket, simple coefficients of force will 


suffice: a set of lift and drag or component force coefficients versus Mach, altitude, and 


angle of attack, and the center of pressure versus free stream condition. A vehicle with 


controlled lift, asymmetry, and/or under aero-surface control typically requires more 


complex aerodynamic coefficient data. The coefficients may need to be dependent on 


the flight speed, temperature, pressure, viscosity, angle of attack, lateral g-load, control 


surface deflection, or any number of other values. Control surfaces should be modeled. 
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To develop aerodynamic properties for a 6DOF simulation, a computational fluid 


dynamics model, wind tunnel, drop test, and/or other empirical data should be used. The 


United States Air Force Stability and Control Datcom (reference 12 of paragraph 3.4 of 


this AC) provides a review of approaches. The model should consider the entire flight 


regime from rarified atmosphere hypersonic to sea level subsonic. Gaps in the model 


can lead to significant over or underestimation of vehicle performance. 


7.3.3 Propulsive Properties. 


For a 6DOF simulation, the propulsive properties include the thrust magnitude, thrust 


vector angle, and moment arm of the thrust. To determine the propulsive capability of 


the vehicle, combustion modeling, static thrust tests, and/or flight data should be used. 


These should have measures and estimates for the maximum external operating pressure 


(e.g. sea level) and for vacuum performance and efficiency. The values (throttle level, 


thrust vector) for a particular operation are usually developed as part of an optimization 


process to achieve the objectives and avoid violating vehicle flight constraints. The 


values determined in the optimization are then the data input to the guidance. 


Alternatively, initial conditions and guidance rules could be developed through an 


optimization, and then feedback in the guidance program could set the values as the 


flight (or simulated flight) progresses. The simulation may also take into account the 


effects of pitch damping and/or jet damping. 


7.3.4 Guidance, Navigation, and Control Systems. 


The guidance, navigation, and control systems should be modeled in the 6DOF 


simulation. These may be implemented as software simulations or using “hardware-in-


the-loop” (HWIL) that interfaces with the trajectory simulation software. The same 


guidance program should be used as in the flight hardware, although, if not using 


HWIL, a different implementation may be used. When a pilot is in control of the 


vehicle, then the simulation should be derived from the output of a flight simulator. 


Control systems may be simulated through parameters such as gain and damping, limits 


on the commands like maximum deflection and rate, latency, and limits on the vehicles 


structure and performance. For modeling sensors, factors like latency, persistence, 


filtering, and variance should be considered. 


7.3.5 Earth Model. 


An accurate model of the Earth’s gravity field is required: World Geodetic System 


1984 (WGS 84) (reference 2 of paragraph 3.4 of this AC) or equivalent. For reentry 


vehicles, terms up to and including the 4th order zonal harmonic (J4) should be included. 


For launch, terms up to J2 should be used. Additional terms may also be included. 


7.3.6 Configuration Management. 


A system for tracking and controlling versions of software, vehicle data, and 


flight-specific input data should be maintained. In many situations, analysts may use 


different versions of software through the development process of a vehicle, but the 


correct validated version should be used for flight. Also, updated vehicle data based on 


test results, flight information, etc. may be available. Further, many potential flight 


profiles may be developed. A rigorous configuration control system should be 
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maintained to ensure that the normal trajectory analysis corresponds to the actual flight 


plan loaded on the vehicle at initiation of the operation. 


7.4 Output Interval. 


Normal trajectory state data should be output for use in subsequent analyses at short 


time intervals (but not as short as the integration time intervals). The intervals should be 


short enough that the ground debris impact regions overlap enough to provide smooth 


impact probability contours for failures with the smallest dispersions, just as required 


for malfunction trajectories (§ 450.119(b)). The smallest dispersions should consider 


only uncertainty, not variability, as described in paragraph 8.2 of this AC, and are 


usually due to loss-of-thrust and on-trajectory breakup events. The interval must be 


1 second or less, in accordance with § 450.117(d)(4); normally, 10Hz or greater 


frequency is used for nominal trajectories. 


8 NORMAL TRAJECTORY TYPES 


8.1 Nominal vs. Normal. 


Section 450.117(a) states that the normal trajectory analysis must include the nominal 


trajectory and two sets of trajectories to account for uncertainty and variability. A 


nominal trajectory is a single simulated trajectory of the launch or reentry vehicle where 


all vehicle aerodynamic parameters are as expected, all vehicle internal and external 


systems perform exactly as planned, and there are no external perturbing influences 


other than the nominal atmospheric drag and gravity. A set of normal trajectories 


include the effects of statistical perturbations on vehicle performance and aerodynamic 


parameters sampled across uncertainty ranges assigned to each flight performance or 


environmental parameter. The normal trajectory set is often referred to as the set of 


“dispersed” trajectories. The nominal trajectory can be thought of as the “planned” 


normal trajectory with all perturbations set to zero. 


8.2 Variability vs. Uncertainty. 


The distinction between the two sets of trajectories is based on what can and cannot be 


known at the time of mission initiation (aleatory and epistemic uncertainty, 


respectively). For example, a launch window is often many minutes or hours, but the 


time of launch within the window is known very precisely before launch commit 


occurs. Thus, the uncertainty in launch time is small (microseconds) but the variability 


is the length of the window. 


8.3 Significant Influence. 


The rule does not intend for applicants to characterize the influence of all random 


uncertainties or variability, but only those with a significant influence on the potential 


impact locations for hazardous debris. The FAA considers “a significant influence” to 


include any parametric uncertainties that affect the crossrange IIP location or 


downrange IIP rate by at least one percent relative to the combined uncertainty of all 


parameters. IIP location and rate are used because they represent a convenient surrogate 
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for the potential impact locations of hazardous debris. The applicant may consider 


additional parameters as well to provide more mission assurance. 


8.3.1 Procedure. 


1. To determine which parameters are significant, first, a baseline for trajectory 


uncertainty should be established. This is accomplished by: 


a. Identifying several parameters for which the uncertainty is likely to be most 


significant (e.g. thrust magnitude and direction uncertainty); 


b. Computing dispersed trajectories accounting for those uncertainties together; 


and 


c. Measuring the statistics (mean, standard deviation) of both the cross-range IIP 


and the downrange IIP rate. 


2. Then other potential sources of uncertainty should be examined. This is 


accomplished by: 


a. Computing additional sets of dispersed trajectories with both the baseline 


uncertainties and with the additional uncertainties (usually logically connected 


subsets, e.g. lift coefficients) 


b. Measuring the statistics of both the cross-range IIP and the downrange IIP rate. 


The mean of the baseline should be used, not the revised mean, when computing 


statistics. 


c. Comparing the statistics of the two metrics to the baseline case, and if the 


statistics do not change by more than 1 percent, then these uncertainties in the 


subset need not be considered. They should be compared at the 95 percent or 


greater confidence level at a minimum (e.g. two sigma for a normal 


distribution). 


3. A design of experiments approach may be used instead to evaluate which 


parameters are significant, still using these two metrics to evaluate significance. 


8.4 Normal Trajectory Set Due to Variability. 


A set of trajectory simulations based on known variations must be used to define a data 


set of the range of possible flights that could occur for an operation, in accordance with 


§ 450.117(a)(1). A flight safety analysis should demonstrate that each trajectory in this 


set, when treated as the planned flight, meets the risk criteria in § 450.101 because a 


decision not to fly one of these trajectories could be made prior to flight. In effect, each 


variable trajectory is treated like a nominal trajectory. These variabilities are in the 


context of a single planned operation. If an analysis is considering multiple operations, 


the variability across operations should also be considered. 


8.4.1 Wind Variability. 


A contributor to normal trajectory variations is the range of wind conditions that the 


vehicle will experience. For a controlled vehicle, guidance system logic will normally 


adjust the flight path of the vehicle to meet certain conditions. These conditions could 


be vehicle constraints, such as limiting the aerodynamic loads on the vehicle or 
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targeting a particular orbit or downrange impact point. For uncontrolled vehicles, wind 


is a key element of the trajectory determination. Atmospheric data are discussed in 


Chapter 9 of this AC. Examination of wind conditions is also normally part of the 


analysis to establish mission rules, as under some conditions, a vehicle will not be able 


to meet mission objectives and/or meet safety criteria. 


8.4.2 Operation Window Variability. 


For some missions, the trajectory that is flown may change significantly during the 


operation window. This occurs on launch when targeting a particular orbital position, 


but the launch vehicle is moving due to Earth rotation. Likewise, as cryogens boil off, 


the vehicle mass changes. These differences are variability, but the differences in flight 


due to engine performance, meteorological perturbations, etc. are uncertainties. For 


reentry, an operation may initiate from different orbits or on an ascending or descending 


node, resulting in very different trajectories. 


8.4.3 Platform Variability. 


When a mobile platform is used, such as a ship or an aircraft, the location of a launch or 


landing may have significant variability. Note that an operation should not be allowed if 


the platform will not be within the range of pre-examined scenarios. 


8.4.4 Discretization of Variability. 


Development of trajectories to describe variations of flight should be sufficient to 


envelope the parameter variation and resulting trajectories. Since many variations are 


continuous, it is impossible to evaluate every possible trajectory within the range of 


variability. The edges of the ranges should be analyzed, at a minimum. Additional 


intermediate trajectories may also be necessary to resolve relevant differences in risk. 


For example, if the trajectory changes during the launch window, then at least the 


beginning and end of the window should be examined, and if a significant population 


center would be directly overflown by an intermediate trajectory, that one should be 


analyzed as well. 


8.5 Normal Trajectory Dispersion Due to Uncertainties. 


In accordance with § 450.117(a)(2), an applicant must develop a set of trajectories that 


characterize uncertainty. These contribute to the uncertainty in debris impact 


dispersions and planned jettison body impact containment areas. Although there is a 


particular expected trajectory, or set of trajectories, given launch conditions and 


nominal data values, it is recognized that this trajectory is a deterministic prediction of a 


launch or reentry profile that has inherent uncertainties that need to be evaluated in a 


statistical sense. The launch or reentry system itself has physical parameters that are not 


exactly known. The best estimates of uncertainty should be used, not exaggerating or 


over-stating in an attempt to be “conservative.” For safety purposes, variability should 


be used to consider conservatism, but larger dispersions (more spread-out risk) is not 


conservative for exposed people or assets close to the nominal flight path, such as ships 


and aircraft. If a wider range is necessary, a specified larger sigma level should be used 


to define the nominal envelope, such as 6 or 9 sigma, instead of 3 sigma. 
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8.5.1 Sources of Uncertainty. 


The license applicant is required to evaluate the sources of uncertainty that will result in 


flight variations that have a significant influence on the expected trajectory. If the effect 


of the uncertainty in a parameter on the flight simulation is shown to be negligible 


compared to other included uncertainties, it may be ignored. It is not uncommon for a 


few large uncertainties to dominate the solution and simplifying assumptions can be 


made. These assumptions and justifications should be documented. 


8.5.1.1 Motor Performance. 


Motor performance is likely the largest driver of uncertainty, as it 


fluctuates in both magnitude and thrust misalignment. There should be 


empirical data from static thrust testing to calibrate this uncertainty. 


Subsequent flights may be used to refine this uncertainty. 


8.5.1.2 Aerodynamic Parameters. 


Uncertainty in drag and lift coefficients should be developed along with 


the nominal parameters using computational fluid dynamic models, wind 


tunnel data, and/or flight data. Normally for rocket powered flight, the 


uncertainties in aerodynamic parameters are negligible compared to other 


uncertainties, but they may be significant during flight controlled by 


aerosurfaces or during periods of significant weather deviations (layers of 


hot or cold atmosphere, wind shear, etc.). 


8.5.1.3 Mass properties. 


The uncertainty in mass will affect the center of gravity and the moment 


coefficients alike. This will most likely be due to uncertainty in the 


propellant mass and density as it is loaded pre-mission. There should be an 


acceptable range for ground operations to load propellant that can be used 


to develop the uncertainty. The uncertainty in the structural and payload 


masses are normally smaller in magnitude. 


8.5.1.4 Control System. 


Uncertainty in the control system can come from many sources. The 


uncertainties in thrust gimbaling, aero-control surfaces, tank pressures of 


thrusters, or pressure in hydraulics should be considered. This should 


consider potential oscillations and harmonics in the control system loops, 


and uncertainties in the response time. The uncertainty should be derived 


from empirical data static thrust testing, drop tests, and other forms of 


component level and flight testing and/or from numerical modeling. 
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8.5.1.5 Navigation. 


The navigation system will have uncertainty, such as, due to tolerance in 


the inertial measurements, drift, noise, or dilution of precision of Global 


Positioning System (GPS). Depending on the sensor fusion the uncertainty 


may need to be mitigated or amplified. Data on a sensor performance 


should be available from manufacturer specifications and/or performance 


standards, such as reference 8 of paragraph 3.4 of this AC for GPS. 


8.5.1.6 Environment. 


There exists uncertainty in the environment, including wind, atmospheric 


density, and temperature. These may not have a significant influence on 


flight, especially if wind is handled as a variability. This is discussed 


further in chapter 9 of this AC. 


8.5.2 Applied Probability and Number of Trajectories. 


Dispersed trajectory simulation for random uncertainties requires each parameter to be 


defined with a mean value and an estimated probability density function to allow 


random sampling of the parameter. Typical uncertainty distributions are Gaussian, 


uniform and log-normal, but other distributions may apply, especially if performance 


test data is available to support development of alternative distributions. The number of 


dispersed normal trajectories required to characterize the statistical attributes of the 


normal trajectory range of uncertainty depends on the number of contributing factors 


and the weighting of the factors. Typically, 500 to 1,000 dispersed trajectories are 


considered adequate. If there are significant correlations among the uncertainty 


parameters, the applicant should apply correlated random sampling to capture those 


relationships. Each sample may be considered equally likely, or the applicant may 


assign a relative probability to each sample, if supporting data can be provided to 


establish such weighting. 


8.5.3 Multiple Uncertainty Sets for Different Flight Profiles. 


The need for multiple uncertainty sets depends on the difference between the 


trajectories developed in the variability analysis. For some cases, such as re-entering 


from an ascending or descending node, a different uncertainty set is clearly required. 


However, for smaller differences between variability trajectories, separate uncertainty 


sets would not be meaningful. When separate uncertainty sets are not used, they should 


be translated to each trajectory in the variability set for analysis. Justification for the use 


or non-use of different uncertainty sets should be documented. 


8.5.4 Normalizing Event Times on Normal Uncertainty Trajectories. 


The applicant should normalize the event times of the set of dispersed normal 


trajectories with the planned nominal trajectory time range to assure that covariance 


data can be properly generated for each normal trajectory time step. It may be possible 


to normalize controlled reentry trajectories based on trajectory attributes such as deorbit 


burn phases or reentry flight path angles for the purpose of developing state vector 


covariance. Such event-based time scaling allows for correlating the time of state 


vectors in dispersed trajectories to the normal trajectory time based on events. Each 
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dispersed trajectory will typically have events at different flight times than the normal. 


However, the state of the vehicle is more important than the flight time for many 


aspects of risk analysis. Thus, for use in analysis, each state vector in a set of normal 


trajectories should be assigned a “nominal-equivalent time.” The calculation of nominal 


equivalent time is discussed in reference 7 of paragraph 3.4 of this document. 


8.5.5 Statistical Representation of Normal Uncertainty Trajectories. 


Statistical analysis can be performed on the dispersed trajectory set to develop a 6 x 6 


covariance matrix at each trajectory time step (typically 1-second intervals). This state 


vector covariance matrix provides the variances of the position and velocity of the 


vehicle (diagonal terms) and the correlations among the position and velocity terms. 


The covariance matrix should be computed by taking statistics as computed from the 


statistics of state vectors as a function of nominal-equivalent time.2 


9 ATMOSPHERIC EFFECTS 


A trajectory analysis must account for atmospheric conditions that have an effect on the 


trajectory, including atmospheric profiles that are no less severe than the worst 


conditions under which flight might be attempted, and for uncertainty in the 


atmospheric conditions, in accordance with § 450.117(c). The nominal trajectory, the 


variability trajectory set (including worst conditions), and the uncertainty trajectory 


set(s) should use different sets of atmospheric data, as discussed below. The normal 


trajectory analysis should be performed well ahead of the mission using historical data 


and statistical models, then the planned trajectory re-simulated with the latest 


atmospheric forecast during the operation countdown to ensure it is within the bounds 


of the trajectories previously analyzed. The most important atmospheric parameters are 


air density and wind; pressure and temperature are secondary. The data is a function of 


altitude, geographic location, and time. 


9.1 Data Sources. 


9.1.1 Global Data. 


The primary data source is the Earth Global Reference Atmospheric Model (Earth-


GRAM), in reference 9 of paragraph 3.4 of this AC, which includes Range Reference 


Atmosphere data. This is a design reference atmosphere that provides complete global 


geographical variability, complete altitude coverage (surface to orbital altitudes), and 


complete seasonal and monthly variability of the thermodynamic variables and wind 


components. The Earth-GRAM software includes the capability to produce Monte 


Carlo data profiles.  


                                                 
2 Determining statistics as a function of flight time, without event-based scaling, may not be a good fit to the state 


vector distribution, especially during overflight and for landings. This can lead to excessively large impact 


distributions. Event-based timing reduces time range uncertainty that allows improved accuracy of failure 


probability and debris list applications that have time varying attributes. 
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9.1.2 Historical Data. 


Historical and local data should be used to evaluate trajectory variability, including 


worst conditions. There are two data sources: 


 Databases maintained by the launch or reentry site, and 


 National Oceanic and Atmospheric Administration (NOAA) Radiosonde 


database (https://ruc.noaa.gov/raobs). 


This data should be used within a limited distance from the location and day of the year 


from which they were measured. Only data profiles that extend above the jet stream 


(e.g. at least 50,000 feet in elevation) should be used; others should be excluded. Local 


data should be used within 50 to 100 miles of the measurement point up to the 


maximum altitude where it is valid. If there is insufficient historical data (e.g. for 


oceanic sites), then Earth-GRAM Monte Carlo profiles should be used for the entire 


altitude range. Typical atmospheric and “wind aloft” data is discretized at resolutions on 


the order of ~500-1,000 feet above ground level. 


9.1.3 Forecast Data. 


For development of trajectories in the launch countdown, atmospheric forecasts are 


preferred. These forecasts have been found to have high accuracy for predictions 24-48 


hours in advance, unless there is a significant weather feature in the region of the site in 


the period of interest (e.g. a front moving through). For near-vertical flight, a one-


dimensional profile from the forecast is sufficient. Forecasts include the North 


American Mesoscale Model and the Global Forecast System. 


9.1.4 Combining Data. 


Since data from different sources should be used, it needs to be combined together. 


However, a discontinuity in atmospheric data leads to errors in simulations, so the data 


should be combined smoothly, by fairing the data. The fairing region should be the 


outer 25 to 50 percent laterally of the local data and the upper 10 to 20 percent in 


altitude (always starting above 45,000 ft.). 


9.1.5 Air Density. 


For trajectory analysis, the vertical profile of density is most important. In the 


troposphere and below, the temporal and spatial variation of density are relatively small. 


High-altitude (above 100 kilometer (km)) density is very important when the vehicle is 


re-entering, especially for very small reentry angles (e.g., less than a few degrees from 


horizontal). For reentry, the density of the exosphere can vary significantly as a function 


of time due to space weather. Reference 11 of paragraph 3.4 of this AC contains a 


review of modeling this effect. 


9.1.6 Wind. 


The importance of wind variability on the trajectory is much higher in the vicinity of the 


launch or landing location, and the effects are much smaller when the vehicle is above 


the jet stream. Surface winds are often particularly important for two reasons: the 


vehicle is moving relatively slowly, so effects can be strong, and the vehicle may need 



https://ruc.noaa.gov/raobs
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to avoid obstacles near the site (e.g. towers). Wind velocity at higher altitudes may 


prevent the vehicle from achieving its intended trajectory, and it should be assured the 


vehicle has sufficient control authority and does not exceed structural limits. These 


effects are dependent both on the wind velocity and the gradient (wind shear). The 


nominal trajectory, however, must be generated without wind, in accordance with the 


definition of “nominal” found in § 401.7, which excludes external perturbing influences 


other than atmospheric drag and gravity. 


9.2 Worst Case Analysis. 


Normal flight behavior should be closely evaluated by mission planners to optimize the 


mission trajectory and to verify that the vehicle can perform the mission over a wide 


range of environmental conditions (i.e. the range of winds at the launch/reentry site). 


This reduces the likelihood of a failure due to aerodynamic effects. The variability study 


should reveal what the reasonable limits are for worst case atmospheric conditions 


beyond which a launch or reentry attempt would not be made. 


9.2.1 Data analysis. 


Trajectory simulation should be performed for a large range of atmospheric profiles. 


For density, the Earth-GRAM mean density may be used as a function of location for all 


ascent analyses, and below 100 km for re-entries. Likewise, for wind, above the 


historical profiles, the Earth-GRAM annual mean wind may be used. However, the 


variation in density above 100 km and in wind below 50,000 feet should be evaluated 


for worst case conditions. The ability of the vehicle to achieve mission objectives with 


sufficient confidence should be evaluated for each simulation. If any profiles are not 


acceptable, then the criteria for acceptable conditions should be adjusted to preclude 


those. This analysis should be examined separately for each variation of the operation. 


In addition, the most extreme resulting acceptable trajectories, in terms of lateral range 


of present position and IIP, should be identified. 


9.2.2 Limits. 


Wind is normally the only atmospheric variation relevant to limits based on trajectory 


design. Variations in temperature or density are typically too small to affect the 


trajectory. However, if the vehicle performance is sensitive to these variations within 


the potential range of values, criteria may need to be established. Mission rules should 


be established regarding flight acceptability based on the following criteria: 


 Wind speed at the surface (or drop location for air-launched rockets) which may 


be a function of wind direction; 


 Wind speed (or integrated wind effect) as a function of altitude and optionally 


direction; and 


 Wind shear as a function of altitude. 


Note: For reentry, the trajectory should be simulated with the best available upper 


atmosphere density data and deorbit burn adjusted accordingly. 
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10 SATISFYING APPLICATION REQUIREMENTS. 


The license applicant must provide sufficient data and explanation of assumptions and 


methodologies, to allow the FAA application review team to evaluate the validity and 


completeness of trajectory analyses. 


10.1 Methodology Description. 


In accordance with § 450.117(d)(1), the applicant must submit a description of the 


methods used to characterize the vehicle’s flight behavior throughout normal flight. 


This must be done in accordance with § 450.115(c), which requires a description of: 


(1) The scientific principles and statistical methods used; 


(2) All assumptions and their justifications; 


(3) The rationale for the level of fidelity; 


(4) The evidence for validation and verification required by § 450.101(g); 


(5) The extent to which the benchmark conditions are comparable to the 


foreseeable conditions of the intended operations; and 


(6) The extent to which risk mitigations were accounted for in the analyses. 


10.1.1 Provisions. 


For normal trajectory analysis, this description should encompass software, input data, 


and the process. Normal trajectory analysis is a critical element of a successful mission 


and all FSA is dependent on a high-fidelity simulation of how the vehicle is expected to 


operate under normal conditions. A well-documented and understood methodology is 


thus, a critical element of rocket operation, important both to the operator and to safety 


regulators. Literature references to standard approaches, along with a description of 


how the applicant uses them, are very useful. 


10.1.2 Software. 


An applicant may use an existing simulation software program, develop a new one, or 


use a hybrid approach. For all such software, the applicant should provide a detailed 


technical description of the software, including equations and the approaches used for 


numerical evaluation. The applicant should provide evidence of software validation 


through comparison with existing industry-standard software and/or against flight 


experience. The applicant should specifically describe any customization of pre-existing 


software. The approach to implementing the guidance program, simulating sensors, and 


simulating control systems should be described, including equations, assumptions, and 


justification. Evidence should be provided demonstrating the accuracy of these 


approaches, and justification for the fidelity provided. The applicant is not required to 


provide the simulation software itself, but it may be beneficial to provide understanding 


and clarity and to streamline application evaluation. 
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10.1.3 Data. 


The applicant should provide a description of the methods used to develop input data 


for the simulations. The data includes control logic, vehicle data, and environmental 


data. Control logic includes scripts, configuration files, etc. that are input to the 


simulation program, as well as inputs to the guidance program. Vehicle data is the most 


significant portion of the input, and may be obtained by simulation, measurement, 


and/or experiment. The description of the development of the input data depends on the 


approach used. 


10.1.3.1 Numerical Simulation. 


When numerical simulation is used to generate the data, the key principle 


is demonstrating that the numerical approach matches the real-world with 


sufficient fidelity. The applicant should also describe the process for 


evaluating the uncertainty in the results and the different configurations of 


the vehicle that are evaluated. 


10.1.3.1.1 Example. 


For example, to develop aerodynamic data, normally a computational fluid 


dynamics (CFD) code is used, together with Datcom (reference 12 of 


paragraph 3.4 of this AC). A key input is the vehicle surface geometry. 


The applicant should describe the process to ensure the surface geometry 


matches the actual vehicle and why the level of fidelity of the numerical 


representation is sufficient to adequately measure the aerodynamic 


properties. Any changes to the vehicle surface during flight affect the 


properties; the applicant should describe these states, and when there is a 


continuous change (e.g. a moving surface), how the continuously changing 


properties are evaluated and implemented. Also, the applicant should 


specify the CFD code used, the rationale for why it was selected, the 


validation and verification process (see reference 13 in paragraph 3.4 of 


this AC), and specifically explain any custom implementations. 


10.1.3.2 Experimental approach. 


When experimental approaches are used, the experimental design is 


essential for achieving accurate results. The applicant should provide an 


overview of the test object hardware and how it relates to the vehicle, the 


measurement methods, and the approach to determine the various 


experimental conditions. The description of the approach should include 


the range over which the experimental results are valid and the method for 


determining uncertainties. 


10.1.3.3 Measurement. 


Some vehicle data can be directly measured or obtained from component 


specifications. The applicant should describe the measurement process for 


each data element and the uncertainty associated with the measurement 


method. Often measurements are aggregated for input to the simulation; 


the applicant should describe the process to ensure that measurements are 
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complete and aggregation accurately reflects the physical vehicle. For 


example, if masses of components are used to determine mass properties, 


the operator should describe the process to ensure that all components are 


incorporated in the calculation and how they are accurately reflected. 


10.1.4 Process. 


The planned flight path must be submitted for each mission, in accordance with 


§ 450.213(b)(2), and the analysis differs for each one. First, the target of each flight is 


usually different. Second, the vehicle configuration is often different (e.g. different 


payload). Third, the lessons learned from vehicle development and actual flight data are 


incorporated into future simulations. Clarity in these processes are critical for mission 


success and safety. 


10.1.4.1 Ongoing Improvement. 


The applicant should describe the process for incorporating additional 


information into the simulation approach during the development process. 


10.1.4.2 Configuration Control. 


The applicant should describe the configuration control process to ensure 


that the correct versions of the simulation tool and data are used and that it 


matches the actual vehicle configuration for flight. This can be a point of 


confusion, there are often many potential flights examined, such as those 


for the variability study. 


10.1.4.3 Variability. 


The applicant should describe the approach for identifying the variability 


of a potential mission and how the specific trajectories are selected to 


characterize and analyze the variability, following the discussion in 


paragraph 8.4 of this document. 


10.2 Input Data for Trajectory Analysis. 


In accordance with § 450.117(d)(2), the applicant must provide all the input data 


including uncertainties that were used to define the launch or reentry vehicle flight 


characteristics. These data include all the parameters that describe the mass, 


aerodynamic, and propulsive properties, the data input to the guidance program, and the 


atmospheric conditions used. 


10.2.1 Nominal Data Set. 


The input data should be provided as the files that are input to the simulation program, 


along with a document defining each data element, including the physical meaning, 


units, and coordinate system (as appropriate). This data should be provided for a 


representative nominal trajectory. Normally, this includes sets of tabular data 


representing the data elements as a function of independent parameters (e.g. propellant 


remaining, angle of attack, etc.), with different tables for each different vehicle 


configuration during the flight. This dataset should be sufficient for an independent run 


of the same simulation program that the applicant uses. 
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10.2.2 Uncertainties. 


The applicant should provide the quantitative uncertainties that are used to develop the 


normal trajectory dispersions. For each parameter that has a relevant uncertainty, the 


applicant should provide the functional form of the uncertainty distribution and the 


numerical parameters that define the distribution. For example, if a parameter has 


normal uncertainty, the applicant should provide the mean and the standard deviation 


(the mean should have been used to generate the nominal). If there are correlations 


between uncertainties in parameters, the applicant should provide data describing these, 


such as a correlation matrix. The data should be sufficiently annotated that the approach 


to drawing random sets of the parameters is apparent. 


10.3 Worst Atmospheric Conditions. 


In accordance with § 450.117(d)(3), the applicant must submit the worst atmospheric 


conditions under which flight might be attempted, and a description of how the operator 


will evaluate the atmospheric conditions and uncertainty in the atmospheric conditions 


prior to initiating the operation. The worst atmospheric conditions should describe the 


constraints on winds, temperature, or other atmospheric parameters that preclude flight 


of the vehicle. These typically include constraints on surface level winds, wind shears, 


or high-altitude winds. The limits may be derived from vehicle structural limits or from 


limits of the ability of the vehicle to navigate. It may be that the worst conditions vary 


depending on the mission profile. The applicant may either provide the worst case 


conditions acceptable for flight under any conditions, or the worst case conditions 


associated with the representative flight provided below. In either case, the applicant 


should also describe the process for determining these constraints and how the 


atmospheric conditions are evaluated during the launch countdown to assess whether 


the flight may proceed. 


10.4 Trajectory Outputs. 


The applicant must provide trajectory data developed for a representative trajectory 


analysis, in accordance with § 450.117(d)(4). A representative trajectory analysis is an 


analysis that defines a flight to meet the objectives of a specific anticipated mission (e.g. 


placing a payload in a particular transfer orbit from a particular launch site). Thus, this 


should be the same analysis that would be performed in anticipation of that mission. 


The applicant should describe the mission objectives and vehicle constraints that are 


assumed for the representative trajectory analysis. If a flight includes parallel flight 


segments, nominal trajectory data and both types of normal trajectory sets should be 


provided for all segments. 


10.4.1 Data Specification. 


All trajectories submitted with the application must include position, velocity, and 


orientation, at a maximum of 1 second intervals (1 Hz or greater frequency), in 


accordance with § 450.117(d)(4). These data are commonly called state vectors, and 


include the “from operation reference time,” and the three components for each 


position, velocity, and orientation. Additional data elements for each state vector, such 


as angular velocity, thrust, vehicle mass, and vacuum IIP location, may also be provided 


and are encouraged. The timing of key flight events (ignitions, engine shutdown, 
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configuration changes, etc.) in each trajectory should also be provided. No particular 


file format is recommended, but all trajectory submissions related to an application 


should be in the same format, and follow the guidance below. 


10.4.1.1 Coordinate System Definition. 


The applicant should provide a mathematical description of the coordinate 


system, including units, in which the data is provided. Normally position 


and velocity are provided in Cartesian coordinates, with coordinate system 


origin at the center of the Earth or at the launch pad. Orientation of the 


vehicle is specified as a rotation from the coordinate frame to the vehicle 


axes, either as Euler angles or a rotation matrix. The coordinate system 


may either be in an inertial frame or rotate with the Earth. The applicant 


should specify each of these, including any conventions (left- or right-


handed, Euler angle sequence, etc.). 


10.4.1.2 File Formats. 


The trajectory data should be submitted in a machine-readable format, 


such as an ASCII text file or a standard spreadsheet file format. For the 


trajectories, the data should be in tabular form where each record 


represents a different time of flight and the fields are the elements of the 


state vector. Extraneous information that would hinder machine 


processing is discouraged. Event names and times may be included in 


additional fields of the trajectory files or in separate files. When providing 


a set of trajectories, it is preferable to provide each trajectory in a separate 


file, along with an index file describing the purpose of each trajectory. 


10.4.2 Nominal Trajectory. 


The nominal trajectory required in accordance with § 450.117(d)(4)(i) is the product of 


the 6DOF analysis with all input data set to the nominal value, per paragraph 8.1 of this 


AC. In order to ensure consistent interpretation and clear understanding, the applicant 


should also provide graphics of the nominal trajectory, including: 


 Present position and the IIP plotted on a map, with times of key events noted; 


 Range vs. altitude; 


 Velocity magnitude and geodetic flight path angle vs. time; and 


 Geodetic pitch, yaw, and roll vs. time. 


10.4.3 Trajectory Set Characterizing Variability. 


The applicant must provide a set of trajectories that characterize variability in the 


intended trajectory based on conditions known prior to initiation of flight, in accordance 


with § 450.117(d)(4)(ii). The trajectory data should be the result of the analysis 


described in paragraph 8.4 of this AC for the same representative mission as used for 


the nominal trajectory. The trajectories should be clearly labeled to indicate the 


variability parameters. The applicant should also provide graphical depiction of the 
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trajectories, at a minimum to include present position and IIP on a map, along with 


times of key events. 


10.4.4 Trajectory Set Characterizing Uncertainty. 


The applicant must provide a set of trajectories that characterize how the actual 


trajectory could differ from the intended trajectory due to random uncertainties, in 


accordance with § 450.117(d)(4)(iii). The trajectory data should be the result of the 


analysis described in paragraph 8.5 of this AC for the same representative mission as 


used for the nominal trajectory. These trajectories are typically random samples and are 


simply indexed by number, but if another scheme is used, the applicant should describe 


the sampling approach and specify the probability of each trajectory. The applicant may 


instead submit a covariance matrix (see paragraph 8.5.5 of this AC) provided that the 


trajectory uncertainty follows a normal distribution. When developing the covariance, 


times of the random trajectories should be scaled based on event times (see 


paragraph 8.5.4 of this AC). 
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		1 PURPOSE. 

		This advisory circular (AC) provides guidance and a comprehensive method for performing a normal trajectory analysis in accordance with § 450.117 of title 14, Code of Federal Regulations (14 CFR). A normal trajectory analysis is a required component of a flight safety analysis (FSA), per § 450.117(a). As such, the requirements of § 450.115 are applicable to the trajectory analysis developed under § 450.117. 

		1.1 Analysis Scope. 

		In accordance with § 450.115(b)(1), an FSA must demonstrate that any risk to the public satisfies the safety criteria of § 450.101, including the use of mitigations, and account for all known sources of uncertainty, using a means of compliance accepted by the FAA Administrator. In accordance with § 450.101(g), for any analysis used to demonstrate compliance with § 450.101, an operator must use accurate data and scientific principles. Also, the analysis must be statistically valid. Also, in accordance with §

		1.2 Description of Methods. 

		To satisfy the requirements of § 450.115(c), an applicant must submit a description of the flight safety analysis methodology, including identification of: 

		 The scientific principles and statistical methods used; 

		 The scientific principles and statistical methods used; 

		 The scientific principles and statistical methods used; 



		 All assumptions and their justifications; 

		 All assumptions and their justifications; 



		 The rationale for the level of fidelity; 

		 The rationale for the level of fidelity; 



		 The evidence for validation and verification required by § 450.101(g); 

		 The evidence for validation and verification required by § 450.101(g); 



		 The extent to which the benchmark conditions are comparable to the foreseeable conditions of the intended operations; and 

		 The extent to which the benchmark conditions are comparable to the foreseeable conditions of the intended operations; and 



		 The extent to which risk mitigations were accounted for in the analyses. 

		 The extent to which risk mitigations were accounted for in the analyses. 





		1.3 Level of Imperatives. 

		This AC presents one, but not the only, acceptable means of compliance with the associated regulatory requirements. The FAA will consider other means of compliance that an applicant may elect to present. Other means of regulatory compliance may be acceptable, but must be approved by the Administrator in accordance with § 450.35(b). In addition, an operator may tailor the provisions of this AC to meet its unique needs, provided the changes are accepted as a means of compliance by the Administrator. Throughou

		alternative approaches can be used only under certain situations that do not compromise safety. 

		2 APPLICABILITY. 

		2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators applying for a license under part 450. The guidance in this AC is for those seeking a launch or reentry vehicle operator license, and a licensed operator seeking to renew or modify an existing vehicle operator license. 

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right and the FAA will not rely upon this guidance as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. It describes acceptable mean

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements. 

		3 APPLICABLE REGULATIONS AND RELATED GUIDANCE DOCUMENTS. 

		3.1 Related U.S.C. Statute. 

		 51 U.S.C. Subtitle v, chapter 509. 

		 51 U.S.C. Subtitle v, chapter 509. 

		 51 U.S.C. Subtitle v, chapter 509. 





		3.2 Related FAA Commercial Space Transportation Regulations. 

		The following 14 CFR regulations must be accounted for when showing compliance with 14 CFR § 450.117. The full text of these regulations can be downloaded from the 

		The following 14 CFR regulations must be accounted for when showing compliance with 14 CFR § 450.117. The full text of these regulations can be downloaded from the 

		U.S. Government Printing Office e-CFR

		U.S. Government Printing Office e-CFR



		. A paper copy can be ordered from the Government Printing Office, Superintendent of Documents, Attn: New Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 



		 Section 401.5, Definitions. 

		 Section 401.5, Definitions. 

		 Section 401.5, Definitions. 



		 Section 450.35, Means of Compliance. 

		 Section 450.35, Means of Compliance. 



		 Section 450.101, Safety Criteria. 

		 Section 450.101, Safety Criteria. 



		 Section 450.108, Flight Abort. 

		 Section 450.108, Flight Abort. 



		 Section 450.110, Physical Containment. 

		 Section 450.110, Physical Containment. 



		 Section 450.111, Wind Weighting. 

		 Section 450.111, Wind Weighting. 



		 Section 450.113, Flight Safety Analysis Requirements-Scope. 

		 Section 450.113, Flight Safety Analysis Requirements-Scope. 





		 Section 450.115, Flight Safety Analysis Methods. 

		 Section 450.115, Flight Safety Analysis Methods. 

		 Section 450.115, Flight Safety Analysis Methods. 



		 Section 450.133, Flight Hazard Area Analysis. 

		 Section 450.133, Flight Hazard Area Analysis. 



		 Section 450.135, Debris Risk Analysis. 

		 Section 450.135, Debris Risk Analysis. 



		 Section 450.137 Far-field Overpressure Blast Effects Analysis. 

		 Section 450.137 Far-field Overpressure Blast Effects Analysis. 



		 Section 450.139 Toxic Hazards for Flight. 

		 Section 450.139 Toxic Hazards for Flight. 



		 Section 450.161, Control of Hazard Areas. 

		 Section 450.161, Control of Hazard Areas. 



		 Section 450.169, Launch and reentry collision avoidance analysis requirements 

		 Section 450.169, Launch and reentry collision avoidance analysis requirements 



		 Section 450.213, Pre-flight Reporting. 

		 Section 450.213, Pre-flight Reporting. 





		3.3 Related FAA Advisory Circulars. 

		FAA Advisory Circulars are available through the FAA website, 

		FAA Advisory Circulars are available through the FAA website, 

		http://www.faa.gov

		http://www.faa.gov



		. 



		 AC 413.5-1, Pre-Application Consultation, when published. 

		 AC 413.5-1, Pre-Application Consultation, when published. 

		 AC 413.5-1, Pre-Application Consultation, when published. 



		 AC 450.101-1A, High Consequence Event Protection, dated May 20, 2021. 

		 AC 450.101-1A, High Consequence Event Protection, dated May 20, 2021. 



		 AC 450.108-1, Flight Abort Rule Development, dated July 27, 2021. 

		 AC 450.108-1, Flight Abort Rule Development, dated July 27, 2021. 



		 AC 450.110-1, Physical Containment Flight Safety Analysis, when published. 

		 AC 450.110-1, Physical Containment Flight Safety Analysis, when published. 



		 AC 450.115-1A, High-Fidelity Flight Safety Analysis, dated June 22, 2021. 

		 AC 450.115-1A, High-Fidelity Flight Safety Analysis, dated June 22, 2021. 



		 AC 450.115-2, Medium-Fidelity Flight Safety Analysis, when published. 

		 AC 450.115-2, Medium-Fidelity Flight Safety Analysis, when published. 



		 AC 450.119-1, High-Fidelity Malfunction Trajectory Analysis, when published. 

		 AC 450.119-1, High-Fidelity Malfunction Trajectory Analysis, when published. 



		 AC 450.123-1, Population Exposure, when published. 

		 AC 450.123-1, Population Exposure, when published. 





		3.4 Other References Related to Normal Trajectory Analysis. 
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		The industry documents referenced in this paragraph refer to the current revisions or regulatory authorities’ accepted revisions. 

		4 DEFINITIONS. 

		For this AC, the terms and definitions from § 401.7, and this list, apply: 

		4.1 Debris Risk Analysis. 

		A quantitative evaluation of the probability and severity of potentially adverse consequences from hazards due to explosive and inert items from vehicle launch or reentry. 

		4.2 Degrees of Freedom (DOF). 

		The number of independent parameters that define a configuration or state for a mechanical system.  

		4.3 Flight Safety Analysis (FSA). 

		An FSA consists of a set of quantitative analyses used to determine flight commit criteria, flight abort rules, flight hazard areas, and other mitigation measures and to demonstrate compliance with the safety criteria in § 450.101. 

		4.4 State Vector. 

		A set comprised, at minimum, of the three-component position and three-component velocity associated with a point in time along a vehicle’s trajectory. A state vector may also include vehicle mass, thrust, orientation, angular velocity, and other parameters. 

		5 ACRONYMS. 

		CFD – Computational fluid dynamics 

		DOF – Degrees of freedom 

		FSA – Flight Safety Analysis 

		GPS – Global Positioning System 

		HWIL – Hardware in the Loop 

		IIP – Instantaneous Impact Point 

		NASA – National Aeronautics and Space Administration 

		WGS – World Geodetic System 

		USAF – United States Air Force 

		6 PURPOSES OF NORMAL TRAJECTORY ANALYSIS. 

		6.1 Background. 

		In order to demonstrate compliance with § 450.101, an applicant must perform an FSA, unless agreed to by the Administrator based on demonstrated reliability, per § 450.113. An FSA consists of a set of quantitative analyses used to demonstrate compliance with the safety criteria, determine flight hazard areas and other mitigation measures, and determine flight commit criteria and flight abort rules. Sections 450.117 through 450.131 specify the requirements for analyses necessary to develop quantitative input

		  

		6.2 Scope. 

		6.2.1 For an FSA, the normal trajectory data must cover all phases of flight, as specified in § 450.113(a): 

		(1) For orbital launch, from liftoff through orbital insertion, and through all component impacts or landings; 

		(2) For suborbital launch, from liftoff through all component impacts or landings; 

		(3) For disposal, from the initiation of the deorbit through final impacts; and 

		(4) For reentry, from the initiation of the deorbit through all component impacts or landings. 

		6.2.2 There are two important clarifications regarding this scope: 

		 In accordance with §§ 450.113(a)(1) and (2), a flight safety analysis is performed and documented for an orbital or suborbital launch, respectively, from liftoff. Section 401.7 defines “liftoff” to mean any motion of the launch vehicle with intention to initiate flight. Therefore, the nominal trajectory for launch vehicle systems that employ a captive carry phase, such as a piloted or unpiloted aerial vehicle or balloon, begins at first motion of the launch vehicle with the intention to initiate flight.1 

		 In accordance with §§ 450.113(a)(1) and (2), a flight safety analysis is performed and documented for an orbital or suborbital launch, respectively, from liftoff. Section 401.7 defines “liftoff” to mean any motion of the launch vehicle with intention to initiate flight. Therefore, the nominal trajectory for launch vehicle systems that employ a captive carry phase, such as a piloted or unpiloted aerial vehicle or balloon, begins at first motion of the launch vehicle with the intention to initiate flight.1 

		 In accordance with §§ 450.113(a)(1) and (2), a flight safety analysis is performed and documented for an orbital or suborbital launch, respectively, from liftoff. Section 401.7 defines “liftoff” to mean any motion of the launch vehicle with intention to initiate flight. Therefore, the nominal trajectory for launch vehicle systems that employ a captive carry phase, such as a piloted or unpiloted aerial vehicle or balloon, begins at first motion of the launch vehicle with the intention to initiate flight.1 



		 For a single operation, there are normally a set of nominal trajectories, to include all parts of the vehicle. For each vehicle part, the normal trajectory analysis should continue until breakup is assured or impact occurs, as consistent with § 450.113(a). 

		 For a single operation, there are normally a set of nominal trajectories, to include all parts of the vehicle. For each vehicle part, the normal trajectory analysis should continue until breakup is assured or impact occurs, as consistent with § 450.113(a). 





		1 An FSA, including a trajectory analysis for normal flight, may not be required for the captive carry flight phase of flight, per § 450.113(b).  

		1 An FSA, including a trajectory analysis for normal flight, may not be required for the captive carry flight phase of flight, per § 450.113(b).  



		6.3 Use in Flight Safety Analysis. 

		This AC provides acceptable means of compliance for the development of trajectory analyses that are required to address normal flight in accordance with § 450.117. Proper trajectory simulations are needed to support a valid FSA, which demonstrates compliance with acceptable risk thresholds and determines sufficient hazard areas. Flight planning also normally considers potential high-risk scenarios, and applies mitigations where possible, either implicitly (e.g. launching out over the ocean) or explicitly (e

		 To verify that the vehicle flight plan is achievable under the conditions at the time of launch, in accordance with § 450.117(c). 

		 To verify that the vehicle flight plan is achievable under the conditions at the time of launch, in accordance with § 450.117(c). 

		 To verify that the vehicle flight plan is achievable under the conditions at the time of launch, in accordance with § 450.117(c). 



		 To identify the state vectors where a failure may occur, in order to initiate malfunction trajectory analysis, in accordance with § 450.119, or debris analysis, in accordance with § 450.121(c). The normal trajectory analysis is particularly 

		 To identify the state vectors where a failure may occur, in order to initiate malfunction trajectory analysis, in accordance with § 450.119, or debris analysis, in accordance with § 450.121(c). The normal trajectory analysis is particularly 





		important for modeling the initial conditions for debris propagation of on-trajectory breakups and for simulation of flight in loss-of-thrust failures. 

		important for modeling the initial conditions for debris propagation of on-trajectory breakups and for simulation of flight in loss-of-thrust failures. 

		important for modeling the initial conditions for debris propagation of on-trajectory breakups and for simulation of flight in loss-of-thrust failures. 



		 To determine the region where population data will be required (together with understanding of the malfunction flight distribution), in accordance with § 450.123. 

		 To determine the region where population data will be required (together with understanding of the malfunction flight distribution), in accordance with § 450.123. 



		 To quantify the airspace volume and ground impact regions at risk due to planned launch vehicle ascent, reentry vehicle descent, jettison debris, and abort. These operations are required to develop land, waterborne vessel, and aircraft hazard areas in accordance with § 450.133. 

		 To quantify the airspace volume and ground impact regions at risk due to planned launch vehicle ascent, reentry vehicle descent, jettison debris, and abort. These operations are required to develop land, waterborne vessel, and aircraft hazard areas in accordance with § 450.133. 



		 To establish adequate flight abort rules, including flight safety limits, that define when an operator must initiate flight abort, in accordance with § 450.108, if flight abort is used. 

		 To establish adequate flight abort rules, including flight safety limits, that define when an operator must initiate flight abort, in accordance with § 450.108, if flight abort is used. 





		6.4 Use for Other Parts of Licensing. 

		Normal trajectories are also used in other parts of the license application. They are used as input to: 

		 Environmental review, per § 450.47. 

		 Environmental review, per § 450.47. 

		 Environmental review, per § 450.47. 



		 Safety-critical system design, test, and documentation, per § 450.143. 

		 Safety-critical system design, test, and documentation, per § 450.143. 



		 Highly reliable flight safety system, per § 450.145. 

		 Highly reliable flight safety system, per § 450.145. 



		 Collision avoidance analysis, per § 450.169. 

		 Collision avoidance analysis, per § 450.169. 



		 Pre-flight analysis, per § 450.213. 

		 Pre-flight analysis, per § 450.213. 



		 Financial responsibility requirements, per Part 440. 

		 Financial responsibility requirements, per Part 440. 





		6.5 Analysis Applies to a Single Flight. 

		A normal trajectory analysis should be performed for each planned operation of a vehicle separately and needs to consider potential variation within the operation (see paragraph 

		A normal trajectory analysis should be performed for each planned operation of a vehicle separately and needs to consider potential variation within the operation (see paragraph 

		8.2

		8.2



		). A license may apply to multiple flights, but the normal trajectory analysis is specific to each flight. The application requirements include submission of the products of a representative normal trajectory analysis, and the same process should be performed for all flights. Thus, the normal trajectory envelope does not encompass all potential flights of a vehicle that could occur, but the expected range of trajectories for a single flight. The normal trajectory analysis for each flight should be used to g



		6.6 Flight Events. 

		Normal trajectory analyses should define the times of the key planned events of flight. This includes: 

		 Motor ignitions and cutoffs; 

		 Motor ignitions and cutoffs; 

		 Motor ignitions and cutoffs; 



		 Guidance computer mode changes; 

		 Guidance computer mode changes; 



		 Navigation data transitions; 

		 Navigation data transitions; 





		 Configuration changes (separations, jettisons, and deployment of parachutes or aero-surfaces, etc.); and 

		 Configuration changes (separations, jettisons, and deployment of parachutes or aero-surfaces, etc.); and 

		 Configuration changes (separations, jettisons, and deployment of parachutes or aero-surfaces, etc.); and 



		 Instantaneous impact point (IIP) becoming defined (for reentry) or undefined (during ascent to orbit). 

		 Instantaneous impact point (IIP) becoming defined (for reentry) or undefined (during ascent to orbit). 





		These events of flight are important to the overall FSA because they are associated with uniquely assigned failure probabilities and failure rates, debris lists, and flight safety system designs. For the nominal trajectory, times of key environmental conditions, such as maximum heating and dynamic pressure, should also be identified. 

		7 TRAJECTORY SIMULATION. 

		7.1 Consideration for Vehicle Systems. 

		Normal trajectory simulations typically require the system designer to integrate navigation and flight control subsystems to maintain controlled stable flight. Chemical propulsion rockets, which are long cylindrical bodies, tend to be aerodynamically unstable and develop aerodynamic structural loads that break the vehicle if the angle of attack exceeds a narrow margin. Launch and reentry systems that employ active guidance control should have some form of flight computer and sensor suite to measure linear a

		7.2 Simulation Implementation. 

		The software used for trajectory simulation should have acceptance within the industry or use verified methods of 6 degree of freedom (6DOF) simulation. A 6DOF simulation is a simplification of the real world. For example, it does not normally include detailed fluid dynamic calculations, but instead approximates aerodynamics and vehicle mass redistribution with a limited number of coefficients. The paragraphs below discuss the input parameters that are appropriate for a 6DOF simulation. Also, an important a

		The software used for trajectory simulation should have acceptance within the industry or use verified methods of 6 degree of freedom (6DOF) simulation. A 6DOF simulation is a simplification of the real world. For example, it does not normally include detailed fluid dynamic calculations, but instead approximates aerodynamics and vehicle mass redistribution with a limited number of coefficients. The paragraphs below discuss the input parameters that are appropriate for a 6DOF simulation. Also, an important a
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		, and 
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		 in paragraph 

		3.4

		3.4



		 of this AC provide algorithms for 6DOF simulation for launch and reentry vehicles. 



		7.2.1 Small Vehicles. 

		For small, suborbital, solid rocket vehicles (e.g. less than 2,000 lbs. liftoff weight), a rigid body 6DOF simulation may be used, and a number of codes are available. Trajectory Analysis and Optimization Software (TAOS) from Sandia National Labs, Optimal Trajectories by Implicit Simulation (OTIS4) from NASA, and Program to Optimize Simulated Trajectories II (POST2) from NASA are examples. A more 

		generalized toolset, such as Simulink with the Aerospace Blockset could also be used. These tools are also useful for large vehicles in initial planning phases, but the influence of non-rigid behavior should be incorporated for final flight planning. 

		7.2.2 Medium to Large Vehicles. 

		For most vehicles, a more sophisticated analysis is necessary to account for the vehicle-specific complexities in guidance, materials (bending), locations (reference frames and loads), and other factors. It is possible to create these simulations in multibody dynamics tools, such as Adams from MSC Software, or within MathWorks suite of tools (SimMechanics and Simscape Multibody). Other companies have analogous products (Siemens Motion, Ansys Motion, RecurDyn, etc.). Most operators develop their own toolsets

		7.3 Developing Vehicle Parameters. 

		For a proper 6DOF analysis, there will be a significant effort to develop vehicle parameters and model the control system. The nominal values and the expected variation in them should be considered. Time, when used as a dependent variable in these parameters, does not refer to absolute mission time, but the time relative to significant flight events (this distinction is important when developing dispersed trajectories). Alternatively, some parameters like mass properties may be dependent on the propellant u

		7.3.1 Mass Properties. 

		Mass properties data includes total mass, the components of moments of inertia, and the center of gravity location. These values should reflect changes in the vehicle configuration (e.g. jettison) and depletion of consumables (e.g. propellant burn or venting). The mass properties should be developed for each vehicle configuration as a function of propellant load. For reentry vehicles, these values sometimes do not change after completion of the deorbit burn. Large control surface deflections and vehicle ben

		7.3.2 Aerodynamic Properties. 

		The complexity of aerodynamic parameters depends on the control system of the vehicle. For a nearly axisymmetric thrusting rocket, simple coefficients of force will suffice: a set of lift and drag or component force coefficients versus Mach, altitude, and angle of attack, and the center of pressure versus free stream condition. A vehicle with controlled lift, asymmetry, and/or under aero-surface control typically requires more complex aerodynamic coefficient data. The coefficients may need to be dependent o

		To develop aerodynamic properties for a 6DOF simulation, a computational fluid dynamics model, wind tunnel, drop test, and/or other empirical data should be used. The United States Air Force Stability and Control Datcom (reference 

		To develop aerodynamic properties for a 6DOF simulation, a computational fluid dynamics model, wind tunnel, drop test, and/or other empirical data should be used. The United States Air Force Stability and Control Datcom (reference 

		12

		12



		 of paragraph 

		3.4

		3.4



		 of this AC) provides a review of approaches. The model should consider the entire flight regime from rarified atmosphere hypersonic to sea level subsonic. Gaps in the model can lead to significant over or underestimation of vehicle performance. 



		7.3.3 Propulsive Properties. 

		For a 6DOF simulation, the propulsive properties include the thrust magnitude, thrust vector angle, and moment arm of the thrust. To determine the propulsive capability of the vehicle, combustion modeling, static thrust tests, and/or flight data should be used. These should have measures and estimates for the maximum external operating pressure (e.g. sea level) and for vacuum performance and efficiency. The values (throttle level, thrust vector) for a particular operation are usually developed as part of an

		7.3.4 Guidance, Navigation, and Control Systems. 

		The guidance, navigation, and control systems should be modeled in the 6DOF simulation. These may be implemented as software simulations or using “hardware-in-the-loop” (HWIL) that interfaces with the trajectory simulation software. The same guidance program should be used as in the flight hardware, although, if not using HWIL, a different implementation may be used. When a pilot is in control of the vehicle, then the simulation should be derived from the output of a flight simulator. Control systems may be

		7.3.5 Earth Model. 

		An accurate model of the Earth’s gravity field is required: World Geodetic System 1984 (WGS 84) (reference 

		An accurate model of the Earth’s gravity field is required: World Geodetic System 1984 (WGS 84) (reference 
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		 of this AC) or equivalent. For reentry vehicles, terms up to and including the 4th order zonal harmonic (J4) should be included. For launch, terms up to J2 should be used. Additional terms may also be included. 



		7.3.6 Configuration Management. 

		A system for tracking and controlling versions of software, vehicle data, and flight-specific input data should be maintained. In many situations, analysts may use different versions of software through the development process of a vehicle, but the correct validated version should be used for flight. Also, updated vehicle data based on test results, flight information, etc. may be available. Further, many potential flight profiles may be developed. A rigorous configuration control system should be 

		maintained to ensure that the normal trajectory analysis corresponds to the actual flight plan loaded on the vehicle at initiation of the operation. 

		7.4 Output Interval. 

		Normal trajectory state data should be output for use in subsequent analyses at short time intervals (but not as short as the integration time intervals). The intervals should be short enough that the ground debris impact regions overlap enough to provide smooth impact probability contours for failures with the smallest dispersions, just as required for malfunction trajectories (§ 450.119(b)). The smallest dispersions should consider only uncertainty, not variability, as described in paragraph 

		Normal trajectory state data should be output for use in subsequent analyses at short time intervals (but not as short as the integration time intervals). The intervals should be short enough that the ground debris impact regions overlap enough to provide smooth impact probability contours for failures with the smallest dispersions, just as required for malfunction trajectories (§ 450.119(b)). The smallest dispersions should consider only uncertainty, not variability, as described in paragraph 
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		 of this AC, and are usually due to loss-of-thrust and on-trajectory breakup events. The interval must be 1 second or less, in accordance with § 450.117(d)(4); normally, 10Hz or greater frequency is used for nominal trajectories. 



		8 NORMAL TRAJECTORY TYPES 

		8.1 Nominal vs. Normal. 

		Section 450.117(a) states that the normal trajectory analysis must include the nominal trajectory and two sets of trajectories to account for uncertainty and variability. A nominal trajectory is a single simulated trajectory of the launch or reentry vehicle where all vehicle aerodynamic parameters are as expected, all vehicle internal and external systems perform exactly as planned, and there are no external perturbing influences other than the nominal atmospheric drag and gravity. A set of normal trajector

		8.2 Variability vs. Uncertainty. 

		The distinction between the two sets of trajectories is based on what can and cannot be known at the time of mission initiation (aleatory and epistemic uncertainty, respectively). For example, a launch window is often many minutes or hours, but the time of launch within the window is known very precisely before launch commit occurs. Thus, the uncertainty in launch time is small (microseconds) but the variability is the length of the window. 

		8.3 Significant Influence. 

		The rule does not intend for applicants to characterize the influence of all random uncertainties or variability, but only those with a significant influence on the potential impact locations for hazardous debris. The FAA considers “a significant influence” to include any parametric uncertainties that affect the crossrange IIP location or downrange IIP rate by at least one percent relative to the combined uncertainty of all parameters. IIP location and rate are used because they represent a convenient surro

		for the potential impact locations of hazardous debris. The applicant may consider additional parameters as well to provide more mission assurance. 

		8.3.1 Procedure. 

		1. To determine which parameters are significant, first, a baseline for trajectory uncertainty should be established. This is accomplished by: 

		1. To determine which parameters are significant, first, a baseline for trajectory uncertainty should be established. This is accomplished by: 

		1. To determine which parameters are significant, first, a baseline for trajectory uncertainty should be established. This is accomplished by: 



		a. Identifying several parameters for which the uncertainty is likely to be most significant (e.g. thrust magnitude and direction uncertainty); 

		a. Identifying several parameters for which the uncertainty is likely to be most significant (e.g. thrust magnitude and direction uncertainty); 

		a. Identifying several parameters for which the uncertainty is likely to be most significant (e.g. thrust magnitude and direction uncertainty); 



		b. Computing dispersed trajectories accounting for those uncertainties together; and 

		b. Computing dispersed trajectories accounting for those uncertainties together; and 



		c. Measuring the statistics (mean, standard deviation) of both the cross-range IIP and the downrange IIP rate. 

		c. Measuring the statistics (mean, standard deviation) of both the cross-range IIP and the downrange IIP rate. 





		2. Then other potential sources of uncertainty should be examined. This is accomplished by: 

		2. Then other potential sources of uncertainty should be examined. This is accomplished by: 



		a. Computing additional sets of dispersed trajectories with both the baseline uncertainties and with the additional uncertainties (usually logically connected subsets, e.g. lift coefficients) 

		a. Computing additional sets of dispersed trajectories with both the baseline uncertainties and with the additional uncertainties (usually logically connected subsets, e.g. lift coefficients) 

		a. Computing additional sets of dispersed trajectories with both the baseline uncertainties and with the additional uncertainties (usually logically connected subsets, e.g. lift coefficients) 



		b. Measuring the statistics of both the cross-range IIP and the downrange IIP rate. The mean of the baseline should be used, not the revised mean, when computing statistics. 

		b. Measuring the statistics of both the cross-range IIP and the downrange IIP rate. The mean of the baseline should be used, not the revised mean, when computing statistics. 



		c. Comparing the statistics of the two metrics to the baseline case, and if the statistics do not change by more than 1 percent, then these uncertainties in the subset need not be considered. They should be compared at the 95 percent or greater confidence level at a minimum (e.g. two sigma for a normal distribution). 

		c. Comparing the statistics of the two metrics to the baseline case, and if the statistics do not change by more than 1 percent, then these uncertainties in the subset need not be considered. They should be compared at the 95 percent or greater confidence level at a minimum (e.g. two sigma for a normal distribution). 





		3. A design of experiments approach may be used instead to evaluate which parameters are significant, still using these two metrics to evaluate significance. 

		3. A design of experiments approach may be used instead to evaluate which parameters are significant, still using these two metrics to evaluate significance. 





		8.4 Normal Trajectory Set Due to Variability. 

		A set of trajectory simulations based on known variations must be used to define a data set of the range of possible flights that could occur for an operation, in accordance with § 450.117(a)(1). A flight safety analysis should demonstrate that each trajectory in this set, when treated as the planned flight, meets the risk criteria in § 450.101 because a decision not to fly one of these trajectories could be made prior to flight. In effect, each variable trajectory is treated like a nominal trajectory. Thes

		8.4.1 Wind Variability. 

		A contributor to normal trajectory variations is the range of wind conditions that the vehicle will experience. For a controlled vehicle, guidance system logic will normally adjust the flight path of the vehicle to meet certain conditions. These conditions could be vehicle constraints, such as limiting the aerodynamic loads on the vehicle or 

		targeting a particular orbit or downrange impact point. For uncontrolled vehicles, wind is a key element of the trajectory determination. Atmospheric data are discussed in Chapter 

		targeting a particular orbit or downrange impact point. For uncontrolled vehicles, wind is a key element of the trajectory determination. Atmospheric data are discussed in Chapter 
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		 of this AC. Examination of wind conditions is also normally part of the analysis to establish mission rules, as under some conditions, a vehicle will not be able to meet mission objectives and/or meet safety criteria. 



		8.4.2 Operation Window Variability. 

		For some missions, the trajectory that is flown may change significantly during the operation window. This occurs on launch when targeting a particular orbital position, but the launch vehicle is moving due to Earth rotation. Likewise, as cryogens boil off, the vehicle mass changes. These differences are variability, but the differences in flight due to engine performance, meteorological perturbations, etc. are uncertainties. For reentry, an operation may initiate from different orbits or on an ascending or

		8.4.3 Platform Variability. 

		When a mobile platform is used, such as a ship or an aircraft, the location of a launch or landing may have significant variability. Note that an operation should not be allowed if the platform will not be within the range of pre-examined scenarios. 

		8.4.4 Discretization of Variability. 

		Development of trajectories to describe variations of flight should be sufficient to envelope the parameter variation and resulting trajectories. Since many variations are continuous, it is impossible to evaluate every possible trajectory within the range of variability. The edges of the ranges should be analyzed, at a minimum. Additional intermediate trajectories may also be necessary to resolve relevant differences in risk. For example, if the trajectory changes during the launch window, then at least the

		8.5 Normal Trajectory Dispersion Due to Uncertainties. 

		In accordance with § 450.117(a)(2), an applicant must develop a set of trajectories that characterize uncertainty. These contribute to the uncertainty in debris impact dispersions and planned jettison body impact containment areas. Although there is a particular expected trajectory, or set of trajectories, given launch conditions and nominal data values, it is recognized that this trajectory is a deterministic prediction of a launch or reentry profile that has inherent uncertainties that need to be evaluate

		  

		8.5.1 Sources of Uncertainty. 

		The license applicant is required to evaluate the sources of uncertainty that will result in flight variations that have a significant influence on the expected trajectory. If the effect of the uncertainty in a parameter on the flight simulation is shown to be negligible compared to other included uncertainties, it may be ignored. It is not uncommon for a few large uncertainties to dominate the solution and simplifying assumptions can be made. These assumptions and justifications should be documented. 

		8.5.1.1 Motor Performance. 

		Motor performance is likely the largest driver of uncertainty, as it fluctuates in both magnitude and thrust misalignment. There should be empirical data from static thrust testing to calibrate this uncertainty. Subsequent flights may be used to refine this uncertainty. 

		8.5.1.2 Aerodynamic Parameters. 

		Uncertainty in drag and lift coefficients should be developed along with the nominal parameters using computational fluid dynamic models, wind tunnel data, and/or flight data. Normally for rocket powered flight, the uncertainties in aerodynamic parameters are negligible compared to other uncertainties, but they may be significant during flight controlled by aerosurfaces or during periods of significant weather deviations (layers of hot or cold atmosphere, wind shear, etc.). 

		8.5.1.3 Mass properties. 

		The uncertainty in mass will affect the center of gravity and the moment coefficients alike. This will most likely be due to uncertainty in the propellant mass and density as it is loaded pre-mission. There should be an acceptable range for ground operations to load propellant that can be used to develop the uncertainty. The uncertainty in the structural and payload masses are normally smaller in magnitude. 

		8.5.1.4 Control System. 

		Uncertainty in the control system can come from many sources. The uncertainties in thrust gimbaling, aero-control surfaces, tank pressures of thrusters, or pressure in hydraulics should be considered. This should consider potential oscillations and harmonics in the control system loops, and uncertainties in the response time. The uncertainty should be derived from empirical data static thrust testing, drop tests, and other forms of component level and flight testing and/or from numerical modeling. 

		  

		8.5.1.5 Navigation. 

		The navigation system will have uncertainty, such as, due to tolerance in the inertial measurements, drift, noise, or dilution of precision of Global Positioning System (GPS). Depending on the sensor fusion the uncertainty may need to be mitigated or amplified. Data on a sensor performance should be available from manufacturer specifications and/or performance standards, such as reference 

		The navigation system will have uncertainty, such as, due to tolerance in the inertial measurements, drift, noise, or dilution of precision of Global Positioning System (GPS). Depending on the sensor fusion the uncertainty may need to be mitigated or amplified. Data on a sensor performance should be available from manufacturer specifications and/or performance standards, such as reference 
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		8.5.1.6 Environment. 

		There exists uncertainty in the environment, including wind, atmospheric density, and temperature. These may not have a significant influence on flight, especially if wind is handled as a variability. This is discussed further in chapter 

		There exists uncertainty in the environment, including wind, atmospheric density, and temperature. These may not have a significant influence on flight, especially if wind is handled as a variability. This is discussed further in chapter 
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		 of this AC. 



		8.5.2 Applied Probability and Number of Trajectories. 

		Dispersed trajectory simulation for random uncertainties requires each parameter to be defined with a mean value and an estimated probability density function to allow random sampling of the parameter. Typical uncertainty distributions are Gaussian, uniform and log-normal, but other distributions may apply, especially if performance test data is available to support development of alternative distributions. The number of dispersed normal trajectories required to characterize the statistical attributes of th

		8.5.3 Multiple Uncertainty Sets for Different Flight Profiles. 

		The need for multiple uncertainty sets depends on the difference between the trajectories developed in the variability analysis. For some cases, such as re-entering from an ascending or descending node, a different uncertainty set is clearly required. However, for smaller differences between variability trajectories, separate uncertainty sets would not be meaningful. When separate uncertainty sets are not used, they should be translated to each trajectory in the variability set for analysis. Justification f

		8.5.4 Normalizing Event Times on Normal Uncertainty Trajectories. 

		The applicant should normalize the event times of the set of dispersed normal trajectories with the planned nominal trajectory time range to assure that covariance data can be properly generated for each normal trajectory time step. It may be possible to normalize controlled reentry trajectories based on trajectory attributes such as deorbit burn phases or reentry flight path angles for the purpose of developing state vector covariance. Such event-based time scaling allows for correlating the time of state 

		dispersed trajectory will typically have events at different flight times than the normal. However, the state of the vehicle is more important than the flight time for many aspects of risk analysis. Thus, for use in analysis, each state vector in a set of normal trajectories should be assigned a “nominal-equivalent time.” The calculation of nominal equivalent time is discussed in reference 

		dispersed trajectory will typically have events at different flight times than the normal. However, the state of the vehicle is more important than the flight time for many aspects of risk analysis. Thus, for use in analysis, each state vector in a set of normal trajectories should be assigned a “nominal-equivalent time.” The calculation of nominal equivalent time is discussed in reference 
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		8.5.5 Statistical Representation of Normal Uncertainty Trajectories. 

		Statistical analysis can be performed on the dispersed trajectory set to develop a 6 x 6 covariance matrix at each trajectory time step (typically 1-second intervals). This state vector covariance matrix provides the variances of the position and velocity of the vehicle (diagonal terms) and the correlations among the position and velocity terms. The covariance matrix should be computed by taking statistics as computed from the statistics of state vectors as a function of nominal-equivalent time.2 

		2 Determining statistics as a function of flight time, without event-based scaling, may not be a good fit to the state vector distribution, especially during overflight and for landings. This can lead to excessively large impact distributions. Event-based timing reduces time range uncertainty that allows improved accuracy of failure probability and debris list applications that have time varying attributes. 

		2 Determining statistics as a function of flight time, without event-based scaling, may not be a good fit to the state vector distribution, especially during overflight and for landings. This can lead to excessively large impact distributions. Event-based timing reduces time range uncertainty that allows improved accuracy of failure probability and debris list applications that have time varying attributes. 



		9 ATMOSPHERIC EFFECTS 

		A trajectory analysis must account for atmospheric conditions that have an effect on the trajectory, including atmospheric profiles that are no less severe than the worst conditions under which flight might be attempted, and for uncertainty in the atmospheric conditions, in accordance with § 450.117(c). The nominal trajectory, the variability trajectory set (including worst conditions), and the uncertainty trajectory set(s) should use different sets of atmospheric data, as discussed below. The normal trajec

		9.1 Data Sources. 

		9.1.1 Global Data. 

		The primary data source is the Earth Global Reference Atmospheric Model (Earth-GRAM), in reference 

		The primary data source is the Earth Global Reference Atmospheric Model (Earth-GRAM), in reference 
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		 of paragraph 3.4 of this AC, which includes Range Reference Atmosphere data. This is a design reference atmosphere that provides complete global geographical variability, complete altitude coverage (surface to orbital altitudes), and complete seasonal and monthly variability of the thermodynamic variables and wind components. The Earth-GRAM software includes the capability to produce Monte Carlo data profiles.  



		9.1.2 Historical Data. 

		Historical and local data should be used to evaluate trajectory variability, including worst conditions. There are two data sources: 

		 Databases maintained by the launch or reentry site, and 

		 Databases maintained by the launch or reentry site, and 

		 Databases maintained by the launch or reentry site, and 



		 National Oceanic and Atmospheric Administration (NOAA) Radiosonde database (

		 National Oceanic and Atmospheric Administration (NOAA) Radiosonde database (

		 National Oceanic and Atmospheric Administration (NOAA) Radiosonde database (

		https://ruc.noaa.gov/raobs

		https://ruc.noaa.gov/raobs



		). 







		This data should be used within a limited distance from the location and day of the year from which they were measured. Only data profiles that extend above the jet stream (e.g. at least 50,000 feet in elevation) should be used; others should be excluded. Local data should be used within 50 to 100 miles of the measurement point up to the maximum altitude where it is valid. If there is insufficient historical data (e.g. for oceanic sites), then Earth-GRAM Monte Carlo profiles should be used for the entire al

		9.1.3 Forecast Data. 

		For development of trajectories in the launch countdown, atmospheric forecasts are preferred. These forecasts have been found to have high accuracy for predictions 24-48 hours in advance, unless there is a significant weather feature in the region of the site in the period of interest (e.g. a front moving through). For near-vertical flight, a one-dimensional profile from the forecast is sufficient. Forecasts include the North American Mesoscale Model and the Global Forecast System. 

		9.1.4 Combining Data. 

		Since data from different sources should be used, it needs to be combined together. However, a discontinuity in atmospheric data leads to errors in simulations, so the data should be combined smoothly, by fairing the data. The fairing region should be the outer 25 to 50 percent laterally of the local data and the upper 10 to 20 percent in altitude (always starting above 45,000 ft.). 

		9.1.5 Air Density. 

		For trajectory analysis, the vertical profile of density is most important. In the troposphere and below, the temporal and spatial variation of density are relatively small. High-altitude (above 100 kilometer (km)) density is very important when the vehicle is re-entering, especially for very small reentry angles (e.g., less than a few degrees from horizontal). For reentry, the density of the exosphere can vary significantly as a function of time due to space weather. Reference 

		For trajectory analysis, the vertical profile of density is most important. In the troposphere and below, the temporal and spatial variation of density are relatively small. High-altitude (above 100 kilometer (km)) density is very important when the vehicle is re-entering, especially for very small reentry angles (e.g., less than a few degrees from horizontal). For reentry, the density of the exosphere can vary significantly as a function of time due to space weather. Reference 
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		 of paragraph 3.4 of this AC contains a review of modeling this effect. 



		9.1.6 Wind. 

		The importance of wind variability on the trajectory is much higher in the vicinity of the launch or landing location, and the effects are much smaller when the vehicle is above the jet stream. Surface winds are often particularly important for two reasons: the vehicle is moving relatively slowly, so effects can be strong, and the vehicle may need 

		to avoid obstacles near the site (e.g. towers). Wind velocity at higher altitudes may prevent the vehicle from achieving its intended trajectory, and it should be assured the vehicle has sufficient control authority and does not exceed structural limits. These effects are dependent both on the wind velocity and the gradient (wind shear). The nominal trajectory, however, must be generated without wind, in accordance with the definition of “nominal” found in § 401.7, which excludes external perturbing influen

		9.2 Worst Case Analysis. 

		Normal flight behavior should be closely evaluated by mission planners to optimize the mission trajectory and to verify that the vehicle can perform the mission over a wide range of environmental conditions (i.e. the range of winds at the launch/reentry site). This reduces the likelihood of a failure due to aerodynamic effects. The variability study should reveal what the reasonable limits are for worst case atmospheric conditions beyond which a launch or reentry attempt would not be made. 

		9.2.1 Data analysis. 

		Trajectory simulation should be performed for a large range of atmospheric profiles. For density, the Earth-GRAM mean density may be used as a function of location for all ascent analyses, and below 100 km for re-entries. Likewise, for wind, above the historical profiles, the Earth-GRAM annual mean wind may be used. However, the variation in density above 100 km and in wind below 50,000 feet should be evaluated for worst case conditions. The ability of the vehicle to achieve mission objectives with sufficie

		9.2.2 Limits. 

		Wind is normally the only atmospheric variation relevant to limits based on trajectory design. Variations in temperature or density are typically too small to affect the trajectory. However, if the vehicle performance is sensitive to these variations within the potential range of values, criteria may need to be established. Mission rules should be established regarding flight acceptability based on the following criteria: 

		 Wind speed at the surface (or drop location for air-launched rockets) which may be a function of wind direction; 

		 Wind speed at the surface (or drop location for air-launched rockets) which may be a function of wind direction; 

		 Wind speed at the surface (or drop location for air-launched rockets) which may be a function of wind direction; 



		 Wind speed (or integrated wind effect) as a function of altitude and optionally direction; and 

		 Wind speed (or integrated wind effect) as a function of altitude and optionally direction; and 



		 Wind shear as a function of altitude. 

		 Wind shear as a function of altitude. 



		Note: For reentry, the trajectory should be simulated with the best available upper atmosphere density data and deorbit burn adjusted accordingly. 

		Note: For reentry, the trajectory should be simulated with the best available upper atmosphere density data and deorbit burn adjusted accordingly. 





		10 SATISFYING APPLICATION REQUIREMENTS. 

		The license applicant must provide sufficient data and explanation of assumptions and methodologies, to allow the FAA application review team to evaluate the validity and completeness of trajectory analyses. 

		10.1 Methodology Description. 

		In accordance with § 450.117(d)(1), the applicant must submit a description of the methods used to characterize the vehicle’s flight behavior throughout normal flight. This must be done in accordance with § 450.115(c), which requires a description of: 

		(1) The scientific principles and statistical methods used; 

		(2) All assumptions and their justifications; 

		(3) The rationale for the level of fidelity; 

		(4) The evidence for validation and verification required by § 450.101(g); 

		(5) The extent to which the benchmark conditions are comparable to the foreseeable conditions of the intended operations; and 

		(6) The extent to which risk mitigations were accounted for in the analyses. 

		10.1.1 Provisions. 

		For normal trajectory analysis, this description should encompass software, input data, and the process. Normal trajectory analysis is a critical element of a successful mission and all FSA is dependent on a high-fidelity simulation of how the vehicle is expected to operate under normal conditions. A well-documented and understood methodology is thus, a critical element of rocket operation, important both to the operator and to safety regulators. Literature references to standard approaches, along with a de

		10.1.2 Software. 

		An applicant may use an existing simulation software program, develop a new one, or use a hybrid approach. For all such software, the applicant should provide a detailed technical description of the software, including equations and the approaches used for numerical evaluation. The applicant should provide evidence of software validation through comparison with existing industry-standard software and/or against flight experience. The applicant should specifically describe any customization of pre-existing s

		  

		10.1.3 Data. 

		The applicant should provide a description of the methods used to develop input data for the simulations. The data includes control logic, vehicle data, and environmental data. Control logic includes scripts, configuration files, etc. that are input to the simulation program, as well as inputs to the guidance program. Vehicle data is the most significant portion of the input, and may be obtained by simulation, measurement, and/or experiment. The description of the development of the input data depends on th

		10.1.3.1 Numerical Simulation. 

		When numerical simulation is used to generate the data, the key principle is demonstrating that the numerical approach matches the real-world with sufficient fidelity. The applicant should also describe the process for evaluating the uncertainty in the results and the different configurations of the vehicle that are evaluated. 

		10.1.3.1.1 Example. 

		For example, to develop aerodynamic data, normally a computational fluid dynamics (CFD) code is used, together with Datcom (reference 

		For example, to develop aerodynamic data, normally a computational fluid dynamics (CFD) code is used, together with Datcom (reference 
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		 of this AC). A key input is the vehicle surface geometry. The applicant should describe the process to ensure the surface geometry matches the actual vehicle and why the level of fidelity of the numerical representation is sufficient to adequately measure the aerodynamic properties. Any changes to the vehicle surface during flight affect the properties; the applicant should describe these states, and when there is a continuous change (e.g. a moving surface), how the continuously changing properties are eva
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		 of this AC), and specifically explain any custom implementations. 



		10.1.3.2 Experimental approach. 

		When experimental approaches are used, the experimental design is essential for achieving accurate results. The applicant should provide an overview of the test object hardware and how it relates to the vehicle, the measurement methods, and the approach to determine the various experimental conditions. The description of the approach should include the range over which the experimental results are valid and the method for determining uncertainties. 

		10.1.3.3 Measurement. 

		Some vehicle data can be directly measured or obtained from component specifications. The applicant should describe the measurement process for each data element and the uncertainty associated with the measurement method. Often measurements are aggregated for input to the simulation; the applicant should describe the process to ensure that measurements are 

		complete and aggregation accurately reflects the physical vehicle. For example, if masses of components are used to determine mass properties, the operator should describe the process to ensure that all components are incorporated in the calculation and how they are accurately reflected. 

		10.1.4 Process. 

		The planned flight path must be submitted for each mission, in accordance with § 450.213(b)(2), and the analysis differs for each one. First, the target of each flight is usually different. Second, the vehicle configuration is often different (e.g. different payload). Third, the lessons learned from vehicle development and actual flight data are incorporated into future simulations. Clarity in these processes are critical for mission success and safety. 

		10.1.4.1 Ongoing Improvement. 

		The applicant should describe the process for incorporating additional information into the simulation approach during the development process. 

		10.1.4.2 Configuration Control. 

		The applicant should describe the configuration control process to ensure that the correct versions of the simulation tool and data are used and that it matches the actual vehicle configuration for flight. This can be a point of confusion, there are often many potential flights examined, such as those for the variability study. 

		10.1.4.3 Variability. 

		The applicant should describe the approach for identifying the variability of a potential mission and how the specific trajectories are selected to characterize and analyze the variability, following the discussion in paragraph 

		The applicant should describe the approach for identifying the variability of a potential mission and how the specific trajectories are selected to characterize and analyze the variability, following the discussion in paragraph 
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		 of this document. 



		10.2 Input Data for Trajectory Analysis. 

		In accordance with § 450.117(d)(2), the applicant must provide all the input data including uncertainties that were used to define the launch or reentry vehicle flight characteristics. These data include all the parameters that describe the mass, aerodynamic, and propulsive properties, the data input to the guidance program, and the atmospheric conditions used. 

		10.2.1 Nominal Data Set. 

		The input data should be provided as the files that are input to the simulation program, along with a document defining each data element, including the physical meaning, units, and coordinate system (as appropriate). This data should be provided for a representative nominal trajectory. Normally, this includes sets of tabular data representing the data elements as a function of independent parameters (e.g. propellant remaining, angle of attack, etc.), with different tables for each different vehicle configu

		10.2.2 Uncertainties. 

		The applicant should provide the quantitative uncertainties that are used to develop the normal trajectory dispersions. For each parameter that has a relevant uncertainty, the applicant should provide the functional form of the uncertainty distribution and the numerical parameters that define the distribution. For example, if a parameter has normal uncertainty, the applicant should provide the mean and the standard deviation (the mean should have been used to generate the nominal). If there are correlations

		10.3 Worst Atmospheric Conditions. 

		In accordance with § 450.117(d)(3), the applicant must submit the worst atmospheric conditions under which flight might be attempted, and a description of how the operator will evaluate the atmospheric conditions and uncertainty in the atmospheric conditions prior to initiating the operation. The worst atmospheric conditions should describe the constraints on winds, temperature, or other atmospheric parameters that preclude flight of the vehicle. These typically include constraints on surface level winds, w

		10.4 Trajectory Outputs. 

		The applicant must provide trajectory data developed for a representative trajectory analysis, in accordance with § 450.117(d)(4). A representative trajectory analysis is an analysis that defines a flight to meet the objectives of a specific anticipated mission (e.g. placing a payload in a particular transfer orbit from a particular launch site). Thus, this should be the same analysis that would be performed in anticipation of that mission. The applicant should describe the mission objectives and vehicle co

		10.4.1 Data Specification. 

		All trajectories submitted with the application must include position, velocity, and orientation, at a maximum of 1 second intervals (1 Hz or greater frequency), in accordance with § 450.117(d)(4). These data are commonly called state vectors, and include the “from operation reference time,” and the three components for each position, velocity, and orientation. Additional data elements for each state vector, such as angular velocity, thrust, vehicle mass, and vacuum IIP location, may also be provided and ar

		configuration changes, etc.) in each trajectory should also be provided. No particular file format is recommended, but all trajectory submissions related to an application should be in the same format, and follow the guidance below. 

		10.4.1.1 Coordinate System Definition. 

		The applicant should provide a mathematical description of the coordinate system, including units, in which the data is provided. Normally position and velocity are provided in Cartesian coordinates, with coordinate system origin at the center of the Earth or at the launch pad. Orientation of the vehicle is specified as a rotation from the coordinate frame to the vehicle axes, either as Euler angles or a rotation matrix. The coordinate system may either be in an inertial frame or rotate with the Earth. The 

		10.4.1.2 File Formats. 

		The trajectory data should be submitted in a machine-readable format, such as an ASCII text file or a standard spreadsheet file format. For the trajectories, the data should be in tabular form where each record represents a different time of flight and the fields are the elements of the state vector. Extraneous information that would hinder machine processing is discouraged. Event names and times may be included in additional fields of the trajectory files or in separate files. When providing a set of traje

		10.4.2 Nominal Trajectory. 

		The nominal trajectory required in accordance with § 450.117(d)(4)(i) is the product of the 6DOF analysis with all input data set to the nominal value, per paragraph 

		The nominal trajectory required in accordance with § 450.117(d)(4)(i) is the product of the 6DOF analysis with all input data set to the nominal value, per paragraph 

		8.1

		8.1



		 of this AC. In order to ensure consistent interpretation and clear understanding, the applicant should also provide graphics of the nominal trajectory, including: 



		 Present position and the IIP plotted on a map, with times of key events noted; 

		 Present position and the IIP plotted on a map, with times of key events noted; 

		 Present position and the IIP plotted on a map, with times of key events noted; 



		 Range vs. altitude; 

		 Range vs. altitude; 



		 Velocity magnitude and geodetic flight path angle vs. time; and 

		 Velocity magnitude and geodetic flight path angle vs. time; and 



		 Geodetic pitch, yaw, and roll vs. time. 

		 Geodetic pitch, yaw, and roll vs. time. 





		10.4.3 Trajectory Set Characterizing Variability. 

		The applicant must provide a set of trajectories that characterize variability in the intended trajectory based on conditions known prior to initiation of flight, in accordance with § 450.117(d)(4)(ii). The trajectory data should be the result of the analysis described in paragraph 

		The applicant must provide a set of trajectories that characterize variability in the intended trajectory based on conditions known prior to initiation of flight, in accordance with § 450.117(d)(4)(ii). The trajectory data should be the result of the analysis described in paragraph 

		8.4

		8.4



		 of this AC for the same representative mission as used for the nominal trajectory. The trajectories should be clearly labeled to indicate the variability parameters. The applicant should also provide graphical depiction of the 



		trajectories, at a minimum to include present position and IIP on a map, along with times of key events. 

		10.4.4 Trajectory Set Characterizing Uncertainty. 

		The applicant must provide a set of trajectories that characterize how the actual trajectory could differ from the intended trajectory due to random uncertainties, in accordance with § 450.117(d)(4)(iii). The trajectory data should be the result of the analysis described in paragraph 

		The applicant must provide a set of trajectories that characterize how the actual trajectory could differ from the intended trajectory due to random uncertainties, in accordance with § 450.117(d)(4)(iii). The trajectory data should be the result of the analysis described in paragraph 

		8.5

		8.5



		 of this AC for the same representative mission as used for the nominal trajectory. These trajectories are typically random samples and are simply indexed by number, but if another scheme is used, the applicant should describe the sampling approach and specify the probability of each trajectory. The applicant may instead submit a covariance matrix (see paragraph 

		8.5.5

		8.5.5



		 of this AC) provided that the trajectory uncertainty follows a normal distribution. When developing the covariance, times of the random trajectories should be scaled based on event times (see paragraph 

		8.5.4

		8.5.4



		 of this AC). 
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1 PURPOSE. 


1.1 This advisory circular (AC) provides guidance on a simplified method for performing a 


Far-Field Blast Overpressure (FFBO) effects analysis as part of a flight safety analysis 


in accordance with 14 CFR § 450.137. The FAA considers this AC an accepted means 


of compliance with the regulatory requirements of § 450.137. 


1.2 In this context, “far-field” blast effect analysis refers to an assessment that accounts for 


peak incident overpressures below 1 pound per square inch (psi) or 6894 Pascal (Pa), 


which is the estimated threshold for which meteorological conditions can significantly 


influence the attenuation of explosive overpressures. Specifically, this AC addresses 


acceptable methods for assessing the potential for hazards to populations from broken 


window glass shards resulting from the airblast effects of large explosions that may be 


focused by certain conditions in the atmosphere through which the blast waves 


propagate. This phenomenon is sometimes referred to as distance focusing overpressure 


(DFO). Under certain conditions explained below, launch or reentry vehicles may be 


shown to present a de minimis or negligible risk from DFO, considering vehicle and 


mission profile characteristics. 


1.3 Level of Imperatives. 


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. In addition, an operator may tailor the provisions 


of this AC to meet its unique needs, provided the changes are accepted as a means of 


compliance by the FAA. Throughout this document, the word “must” characterizes 


statements that directly follow from regulatory text and therefore reflect regulatory 


mandates. The word “should” describes a requirement if electing to use this means of 


compliance; variation from the provisions of this AC is possible but must satisfy the 


regulation to constitute an alternative means of compliance. The word “may” describes 


variations or alternatives allowed within the accepted means of compliance set forth in 


this AC. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 


required to comply with 14 CFR part 450, Launch and Reentry License Requirements. 


The guidance in this AC is for those seeking a launch or reentry vehicle operator license 


and a licensed operator seeking to renew or modify an existing vehicle operator license. 


2.2 This AC provides a method for applicants to demonstrate that there are negligible risks 


from FFBO effects from the potential explosions caused by an intact vehicle (or stage) 


impact during a launch or reentry, and to accordingly tailor their FFBO analysis in a 


manner that meets §§ 450.137(a)(1) and (b). Explosions at altitude tend to have lesser 


ground amplification effects than surface explosions due to an intact impact. However, 
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the burden of proof remains with the applicant to demonstrate to the FAA’s satisfaction 


that at-altitude explosions are negligible. 


2.3 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right, and the FAA will not rely upon this 


guidance as a separate basis for affirmative enforcement action or other administrative 


penalty. Conformity with this guidance document (as distinct from existing statutes and 


regulations) is voluntary only, and nonconformity will not affect rights and obligations 


under existing statutes and regulations. 


2.4 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Applicable United States Code (U.S.C.) Statute. 


Title 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related FAA Commercial Space Transportation Regulations. 


The following 14 CFR regulations should be accounted for when showing compliance 


with 14 CFR 450.137. The full text of these regulations can be downloaded from the 


U.S. Government Printing Office e-CFR. A paper copy can be ordered from the 


Government Printing Office, Superintendent of Documents, Attn: New Orders, 


P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 413.15, Review period. 


• Section 450.31(a)(6), General requirements to obtain a vehicle operator license. 


• Section 450.101, Public safety criteria. 


• Section 450.115, Flight safety analysis methods. 


• Section 450.107, Hazard control strategies. 


• Section 450.123, Population exposure analysis. 


• Section 450.135, Debris risk analysis. 


• Section 450.137, Far-field overpressure blast effects analysis. 


• Section 450.145, Highly reliable flight safety system. 


• Title 49, CFR, Subpart B, Chapter 1, Subchapter C, Part 173. 


3.3 Related Industry Documents. 


1. Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, 


Safety Design for Space Operations, Sponsored by The International Association 


for the Advancement of Space Safety (IAASS), Elsevier, Watham, MA, dated 2013. 


2. American National Standard ANSI S2.20-1983, Estimating Airblast Characteristics 


for Single Point Explosions in Air, with a Guide to Evaluation of Atmospheric 


Propagation and Effects, Standards Secretariat, Acoustical Society of America, 


New York, NY, 1983. 


3. Blackwood, James M., Troy Skinner, Erin H. Richardson, and Michal E. Bangham, 


An Empirical Non-TNT Approach to Launch Vehicle Explosion Modeling, 


American Institute of Aeronautics and Astronautics, dated January 5, 2015. 


4. Devoid, W. and C. Wass, Final PIRAT Yield Model for Impacting Solid Propellant, 


Revision 2, Report No. CSR3-00300-R2, A-P-T Research, Inc. Cocoa Beach, FL, 


dated September 16, 2011. 


5. Elwell, R.B., Irwin, O.R., Vail, R.W., Jr. Project Sophy, Solid Propellant Hazards, 


Aerojet-General Corporation, dated September 30, 1966. 



http://www.ecfr.gov/
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Note: The industry and government documents referenced in this chapter refer to the 


current revisions or regulatory authorities’ accepted revisions. 


3.4 Related U.S. Government Documents. 


1. Department of Defense DOD Defense Explosives Safety Regulation (DESR), DoD 


6055.09, Edition 1, Change 1, Department of Defense Explosives Safety Board 


(DDESB), dated February 23, 2024. 


2. Min, I. A., and R. Walterscheid. “Overpressure calculation for BLASTC,” 


memorandum, dated 2001. 


3. Needham, Charles E., and Joseph E. Crepeau. “The DNA Nuclear Blast Standard 


(1KT)” DNA 5648T, Defense Nuclear Agency, Alexandria, VA, dated 1981. 


4. Swisdak, Michael M., “Simplified Kingery Airblast Calculations,” Minutes of the 


26th DoD Explosives Safety Seminar, Naval Surface Warfare Center. August 1994. 


3.5 Related FAA Advisory Circulars. 


FAA Advisory Circulars (are available through the FAA website, http://www.faa.gov). 


Some of these are not yet published. 


• AC 450.115-1A, High Fidelity Flight Safety Analysis, dated June 24, 2021. 


• AC 450.123-1, Population Exposure Analysis, dated October 12, 2022. 


  



http://www.faa.gov/





09/10/2024  AC 450.137-1 


5 


4 DEFINITION OF TERMS. 


For this AC, the definitions from § 401.7 and the following apply. 


4.1 Caustic 


 A sonic velocity profile with a sonic velocity decreasing initially at altitudes above 


ground before increasing at greater altitudes. This results in an increased intensity of the 


blast wave as sensed at the ground level, potentially posing greater blast risks in some 


distant locations than other sonic velocity profiles. As the altitude increases, the slope of 


the sonic velocity profile may change multiple times. 


4.2 Far-Field overpressure (Distant focusing overpressure) 


Air shock overpressure amplified by atmospheric conditions in the far-field. This 


typically applies to overpressures of less than 1 psi or 6894 Pascal (Pa). 


4.3 Far-field 


Distances from an explosion with overpressures of typically less than 1 psi or 


6894 Pascal (Pa). 


4.4 Impulse 


Area under the curve of an airblast wave pressure time history in the positive phase. 


4.5 Maximum range 


Here this refers to the maximum range of the FFBO hazard and is defined as the 


distance between the maximum credible explosive yield event location, for each phase 


of flight, and the point where the peak incident overpressure would not exceed 200 Pa 


under focusing conditions with a focus factor equal to 2.0. 


4.6 Overpressure 


Peak value of an airblast wave pressure time history above ambient pressure. 


4.7 Project PYRO 


A large-scale liquid propellant test program conducted in the 1960’s, which provided a 


basis for much of the liquid propellant blast yield models historically used in flight 


safety analysis for intact impacts following its completion. 


4.8 Yield 


Trinitrotoluene (TNT) equivalent blast potential, based on either peak overpressure or 


impulse. 
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5 ACRONYMS. 


AC – Advisory Circular 


AST – FAA Office of Commercial Space Transportation 


A50 – Aerozine 50 


ANSI – American National Standards Institute 


AST – FAA Office of Commercial Space Transportation 


CAS – Cylindrical Annulus Sector 


CFR – Code of Federal Regulations 


DDESB – Department of Defense Explosive Safety Board 


DESR – Defense Explosives Safety Regulation 


DFO – Distance Focusing Overpressure 


FAA – Federal Aviation Administration 


FFBO – Far-Field Blast Overpressure 


FSA ‒ Flight Safety Analysis 


FSS – Flight Safety System 


HD – Hazard Division 


IAASS – International Association for the Advancement of Space Safety 


IRFNA – Inhibited Red Fuming Nitric Acid 


LH2 – Liquid Hydrogen 


LOX – Liquid Oxygen 


MMH – Monomethyl Hydrazine 


PERMS – Propellant Impact Response to Mechanical Stimulus 


PIRAT – Propellant Impact Response Assessment Team 


PYRO – Greek word for fire 


RP-1 – Rocket Propellant-1 


TNT – Trinitrotoluene 


UDMH – Unsymmetrical Dimethyl Hydrazine 


U.S. – United States 


U.S.C. – United States Code 
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6 BACKGROUND. 


6.1 Part of the safety analysis is concerned with risks to populations from broken window 


glass shards resulting from the airblast effects of large explosions that may be focused 


by certain conditions in the atmosphere through which the resulting blast waves 


propagate. Section 5.2 of the International Association for the Advancement of Space 


Safety (IAASS) publication, Safety Design for Space Operations1 provides 


supplemental information relevant to FFBO analyses. 


 


  


 


1 Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, Safety Design for Space Operations, 


Sponsored by The International Association for the Advancement of Space Safety (IAASS), Elsevier, Watham, MA, 


dated 2013 
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7 ACCEPTABLE METHODOLOGY. 


7.1 Topics Covered by this AC. 


This AC provides a method for applicants to demonstrate that there are negligible risks 


from FFBO blast effects from the potential explosions caused by impact during a launch 


or reentry, and to accordingly tailor their FFBO analysis in a manner that meets 


§§ 450.137(a)(1) and (b).  If the maximum credible yield input (developed in 


accordance with paragraph 7.5 of this AC) to the deterministic no damage yield analysis 


(shown in Figure 5 of this AC) indicates that no public population centers are 


vulnerable to window breakage, then the hazards from FFBO are negligible. The 


method described here is referred to as a screening method because it is appropriate to 


demonstrate when a FFBO risk analysis method is unnecessary. The FAA finds that use 


of the screening method outlined in this AC to demonstrate that there are negligible 


risks from FFBO blast effects, and to accordingly tailor a FFBO to meet 


§§ 450.137(a)(1) and (b), provides a level of fidelity sufficient to satisfy § 450.115(b). 


As such, an applicant utilizing the means of compliance outlined in this AC need not 


submit further evidence of compliance with § 450.115 for the FFBO methodology used 


to meet § 450.137. 


7.2 Explosive Capability of the Vehicle. 


7.2.1 In accordance with § 450.137(b)(1), an analysis must account for the explosive 


capability of the vehicle and hazardous debris at impact and at altitude. The preamble to 


the final rule made it clear that § 450.115 applies to all flight safety analysis (FSA) 


methodologies, including FFBO analyses.  In accordance with § 450.115(a) an 


operator’s flight safety analysis must account for all reasonably foreseeable events and 


failures of safety-critical systems during nominal and non-nominal launch or reentry. 


Thus, for each phase of flight within the scope of the FSA, the screening analysis 


should compute a maximum credible yield that accounts for any foreseeable scenario 


during flight that would be expected to generate an explosion, including ground impacts 


and on-trajectory explosions involving liquid or solid propellants.2 In addition to 


foreseeable ground impact scenarios involving the vehicle and vehicle stages, the 


maximum credible yield should account for a potential explosion following a collision 


with the launch tower (if any) or any other structures. The yield from an intact impact is 


generally larger than the explosive yield from a breaking up in the air. 


The analysis of the explosive capability of the vehicle should also account for: 


• The vehicle mass, geometry, propulsion, and performance characteristics. 


• The energetic material types onboard the vehicle whether solid, liquid, or gas. 


• The effects of the impact velocity and impact surface hardness on the explosive 


response of the impacting energetic materials. 


 


2 Failure modes that result in an uncontrolled disposal are a potential exception.  
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• The potential for an intact impact given the time delay, including uncertainties, 


between the violation of a flight abort rule and the time when the flight safety 


system (FSS) is expected to activate; and 


• The potential for the FSS to fail, unless the FSS meets the requirements of a highly 


reliable FSS in § 450.145. 


7.2.2 The impact velocity should assume no drag account for aerodynamic drag or use 


conservate estimates of drag forces prior to impact. 
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7.3 Liquid Propellant Yield. 


7.3.1 A screening analysis should use the Project PYRO results shown in Fig. 1 to compute 


an upper-bound yield factor as a function of impact velocity for three common 


combinations of oxidizer and fuel: 


1. Cryogenic liquid oxygen and liquid hydrogen (LOX/LH2). 


2. Cryogenic liquid oxygen and Rocket Propellant–1 (LOX/RP-1). 


3. Hypergolic propellants, consisting of a liquid oxidizer such as nitrogen tetroxide 


(N2O4) or inhibited red fuming nitric acid (IRFNA) combined with a liquid fuel 


such as monomethyl hydrazine (MMH), unsymmetrical dimethyl hydrazine 


(UDMH) or Aerozine-50 (A50). 


7.3.2 The yield factor is defined as the ratio of the equivalent weight of TNT to the weight of 


the propellant involved in the explosion, based on the air shock overpressure generated 


in surface level (hemispherical) explosions. The yield factors are expressed as functions 


of the impact velocity magnitude, i.e., the speed at which the propellant tanks impact 


the surface causing breakup. The terms ‘impact velocity’ and ‘impact speed’ are used 


interchangeably in this context. 


 


Figure 1 – Yield Curve for Impacts of Liquid Oxygen and Liquid Hydrogen 


Propellant 


7.3.3 Data from actual launch vehicle impacts show that for public safety purposes, impacts 


on soft surfaces, including sand, soft soil, and water, may be treated as hard surface 


impacts. Consequently, no distinction between the two types of surfaces is required. 


Thus, Table 1 of this AC shows the data points that should be used to construct 


piecewise linear functions for the yield factor from any impact of these three liquid 


propellants. 
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Table 1 ‒ Liquid Propellant Yield Model Tabular Values 


LOX/LH2 LOX/RP1 Hypergols 


Impact Yield Impact Yield Impact Yield 


Speed Factor Speed Factor Speed Factor 


fps lb. TNT/lb. fps lb. TNT/lb. fps lb. TNT/lb. 


0 0.16 0 0 0 0.020 


85 0.16 170 0.215 100 0.085 


745 1.50 800 0.215 200 0.135 


800 1.50    300 0.180 


    400 0.220 


    500 0.245 


    600 0.260 


    700 0.275 


        800 0.280 


7.3.4 Although some liquid monopropellants are used in rocket propulsion, liquid propellants 


for which yield factor models have been developed for use in FFBO risk analysis are 


most commonly bipropellants. These consist of separate fuel and oxidizer components 


that are combined in liquid propellant engines to propel the vehicle. For other propellant 


types, the explosive yield factor curve should be based on the best available explosive 


yield data for the corresponding type or class of solid or liquid propellant based on 


empirical data or computational modeling. The TNT equivalence for explosive events 


addressed in defense explosives safety regulation (DESR) 6055.93 are considered valid 


by the FAA; applicants should consult with the FAA to determine when these scenarios 


are deemed applicable by the FAA. 


7.4 Solid Propellant Yield 


7.4.1 Solid propellants relevant for flight safety analysis are typically represented in one of 


two categories: Hazard Division (HD) 1.1 detonable propellants, or HD 1.3 deflagration 


propellants4. For other types of solid propellant, a conservative option is to apply the 


HD 1.1 model. The yield factors for solid propellant should account for the size and 


shape of the propellant, type of impact surface, total impact speed, and orientation at 


impact if applicable. 


7.4.2 For HD 1.1 impacts, yield factor FTNT values for various surface types should be based 


on Figure 2 of this AC. This plot indicates that the factor will either be 0 or 1.25 


depending on the impact velocity. These curves make no distinction of whether the 


propellant is in a contained motor, its impact orientation, or uncontained hazardous 


debris created at vehicle breakup. 


 


3 Department of Defense DOD Defense Explosives Safety Regulation (DESR), DoD 6055.09, Edition 1, Change 1, 


Department of Defense Explosives Safety Board (DDESB), dated February 23, 2024. 
4 Title 49, Code of Federal Regulations, Subpart B, Chapter 1, Subchapter C, Part 173. 
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Figure 2 – Hazard Division 1.1 Propellant Yield Model 


7.4.3 For HD 1.3 propellant impacts5, the screening analysis should assume that all solid 


rocket motors remain intact and impact in a side-on orientation. Yield factors for intact 


motor segments that impact on sand in a side-on orientation may be obtained from the 


curves in Figure 3 of this AC, where the segment sizes are measured by the lateral 


diameter of the motors. If the yield factor associated with the desired motors is not those 


presented in the figure or are not available, then the curves in Figure 3 of this AC 


should still be used. For other motor diameters between 41” and 146,” linearly 


interpolate between the nearest bounding curves. For diameters outside the range, use 


the closest bounding curve and do not extrapolate. 


 


5 Title 49, Code of Federal Regulations, Subpart B, Chapter 1, Subchapter C, Part 173. 
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Figure 3 ‒ Yield Curves for HD 1.3 Propellant 


The following equation should be used to compute the yield factors as a function of 


impact speeds for a variety of motor sizes that use HD 1.3 propellants. 


𝑇𝑁𝑇 𝑌𝑖𝑒𝑙𝑑 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑎𝑆4 + 𝑏𝑆3 + 𝑐𝑆2 + 𝑑𝑆+e 


where 


 S  = Impact speed (feet per second) 


 a-e  = Equation coefficients (pounds TNT per pound propellant) 


7.4.4 Tables 3, 4, and 5 in appendix A of this AC list the coefficients that should be used with 


this equation to compute the yield factor for side-on motor impacts on sand. 


7.4.5 For surface types other than sand or soft soil impact, adjust the impact speed by: 


𝑣 =
𝑣𝑖𝑚𝑝𝑎𝑐𝑡


𝐹𝑠𝑢𝑟𝑓𝑎𝑐𝑒
  


where is 𝐹𝑠𝑢𝑟𝑓𝑎𝑐𝑒 0.55 for steel, 0.78 for concrete, 1.00 for sand, and 1.61 for water. 
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7.5 Sympathetic Yields. 


7.5.1 The maximum credible yield should account for the potential for sympathetic yields 


when multiple motors and/or engines can impact near one another during the same 


event. If the motors or engines have different propellant compositions, then the yields 


should be computed separately, and not combined to estimate the maximum credible 


yield. If a vehicle that uses multiple motors or engines with the same propellant 


composition is expected to impact intact, then the propellant involved in the explosion 


should account for the total of all the propellants on the vehicle unless the applicant can 


demonstrate that a vehicle impact would result in explosions that are sufficiently 


separated by time or distance to be treated as separate explosions for the purpose of an 


FFBO analysis. For example, explosions that are coincident in terms of location, but are 


separated by at least 0.3 seconds may be treated as separate explosions. If insufficient 


information exists for such an evaluation, then the screening analysis should combine 


the propellant weights and use this as a single yield. 


7.5.2 In accordance with § 450.137(c)(2), an application must include, at a minimum, a 


description of the methods used to compute the foreseeable explosive yield probability 


pairs, and the complete set of yield-probability pairs, used as input to the far-field 


overpressure analysis. A deterministic screening method should assume a probability of 


one for the maximum credible yield. 


7.6 Exposed Windows and Populations Susceptibility to Injury. 


7.6.1 In accordance with § 450.137(b)(3), an analysis must account for the characteristics of 


exposed windows and the population’s susceptibility to injury. Thus, a critical input to 


any valid screening method is a description of the population centers and potentially 


inhabited structures that could be subject to an FFBO hazard. 


7.6.2 In general, an FFBO analysis should use population data that complies with the 


requirements of § 450.123. AC 450.123-1 provides guidance on population analyses 


that could be used to establish the population input data for FFBO screening analysis. 


7.6.3 In accordance with § 450.123(a), an FSA must account for the distribution of people for 


the entire region where there is a significant probability of impact of hazardous debris. 


The extent of the region should consider all types of hazardous debris (as defined in 


§ 401.7), which accounts for hazards from explosive and toxic substances, as well as 


potential for consequences due to either planned operations (e.g., jettisons) or 


reasonably foreseeable failures. 
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7.6.4 To identify the extent of the region that includes population centers and potentially 


inhabited structures that could be susceptible to an FFBO hazard, the applicant should 


compute the distance between the maximum credible explosive yield event location for 


each phase of flight and the point where the peak incident overpressure would not 


exceed 200 Pa under focusing conditions with a focus factor equal to 2.0, referred to 


here as the maximum range of the FFBO hazard. Figure 4 of this AC (replicated from 


Figure 5.2.5 of the IAASS publication) shows that the 69 Pa (0.01 psi) peak incident 


overpressure threshold corresponds to a negligible probability of breakage for typical 


populations surrounding the two major launch sites in the U.S. In addition, ANSI 


Standard S2.20-19836 reported this threshold peak incident overpressure corresponds 


“in practice to the threshold level at which claims for window damage begin” based on 


recordings from nuclear tests. 


 


Figure 4 – Probability of breakage for average windowpanes near Vandenberg, 


CA and Cape Canaveral, FL7 


  


 


6 American National Standard ANSI S2.20-1983, Estimating Airblast Characteristics for Single Point Explosions in 


Air, with a Guide to Evaluation of Atmospheric Propagation and Effects, Standards Secretariat, Acoustical Society 


of America, New York, NY, 1983. 
7 Figure 5.2.5 of Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, Safety Design for 


Space Operations, Sponsored by The International Association for the Advancement of Space Safety (IAASS), 


Elsevier, Watham, MA, dated 2023. 
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7.6.5 A screening analysis should use the following equation (which is equation 14 in the 


IAASS publication) to compute the distance from between the maximum credible 


explosive yield event location for each phase of flight and the point where the peak 


incident overpressure would not exceed 69 Pa under focusing conditions with a focus 


factor equal to 2.0. 


∆𝑃 = (𝐹𝑓𝑜𝑐)1.864(105)(𝐹𝐻𝑂𝐵𝑊)0.4𝑅−1.2  


∆𝑃 = Incident peak blast overpressure in Pascals (Pa)  


𝐹𝑓𝑜𝑐 = Focus factor 


𝑅 = Nearest distance from explosion to population center in meters 


𝑊 = Net explosive yield (charge weight) in kg TNT 


𝐹𝐻𝑂𝐵 = Height of Burst factor, which is 2 for a ground explosion 


7.6.6 A screening analysis should use a Height of Burst factor of 2, which conservatively 


represents a perfect reflection from a hard surface. 


7.6.7 For each phase of flight where an explosion is foreseeable, the screening method should 


identify the population centers within the maximum range of the FFBO hazard of the 


maximum credible explosive event. In addition, for any single potentially inhabited 


structure within the distance defined by the “no-damage yield” for a single residence 


based on Figure 5 of this AC (replicated from Figure 5.2.3 of the IAASS publication), 


the screening method should identify the number, size, and type of windows that face 


within 90 degrees of the azimuth from the maximum credible explosive yield location 


to the single structure location. The screening analysis should identify windows of 


different types and differentiate between annealed, tempered, dual paned and film 


covered. Window size categories should be based on typical windows found in the local 


populated areas and differentiate between pane areas that differ by a factor of two at the 


most. 
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Figure 5 ‒ No-damage limits for surface explosions (ANSI standard Figure 26)8 


  


 


8 Figure 5.2.3 of Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, Safety Design for 


Space Operations, Sponsored by The International Association for the Advancement of Space Safety (IAASS), 


Elsevier, Watham, MA, dated 2023. 
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7.6.8 If the total area of annealed glass panes that face the maximum credible explosive yield 


location for a given phase of flight exceeds 40 square feet (which is typical for a 


residence), then the screening method described in this AC cannot be used to satisfy the 


requirements of § 450.137 for that phase of flight. 


7.6.9 Populations located in vehicles that meet U.S. standards need not be accounted for in an 


FFBO screening analysis (because the glass used in U.S. vehicles are not a credible 


source of FFBO hazards). The FFBO can also ignore any population centers that would 


be subject to a peak incident overpressure above 1.0 psi or 6894 Pascal (Pa), given the 


maximum credible explosive event because § 450.137(b)(3) requires the FFBO analysis 


to account for the potential for broken windows due to peak incident overpressures 


below 1.0 psi only. However, any population center exposed to a peak incident 


overpressure above 1.0 psi given the maximum credible explosive event, including 


people in vehicles that meet U.S. standards, would generally need to be accounted for in 


the debris risk analysis in accordance with § 450.135. 


7.7 Deterministic Screening Method.  


7.7.1 If the maximum credible yield input (developed in accordance with paragraph 7.5 of 


this AC) to the deterministic no-damage yield analysis (shown in Figure 5 of this AC) 


indicates that no public population centers are vulnerable to window breakage, then the 


hazards from FFBO are negligible, and the FFBO analysis complies with 


§§ 450.137(a)(1) and (b) based on this deterministic screening method. 


7.7.2 A simple example of the deterministic screening method results is summarized in 


Table 2 of this AC. In this case, the maximum credible yield was determined to be 


1,000 Kg TNT equivalent at the launch point. The closest population centers are 


1. A single residence 3 km away from the launch point, 


2. A village of 100 people 8 km away from the launch point, 


3. A small town of 10,000 people 40 km away from the launch point, and 


4. A city of 1,000,000 people 150 km away. 


7.7.3 This is an example where the deterministic method demonstrates negligible FFBO risks 


because the actual distance from the closest edge of each population center to the 


location of the maximum credible yield event exceeds the distance corresponding to the 


“no damage yield” given by Figure 5 of this AC as shown in the Table 2. 
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Table 2 ‒ Sample Description of Results from the Deterministic Screening Method 


Population Center 


Name 
Number of People 


Distance from 


population center to 


explosion (km) 


No Damage 


Distance (km) 


Closest Residence <=4 3 2.2 


Village 100 8 7 


Small Town 10,000 40 30 


City 1,000,000 150 130 
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8 SATISFYING APPLICATION REQUIREMENTS 


A far-field overpressure risk analysis submitted for compliance with the safety criteria 


in § 450.101 must be sufficiently documented by an operator in their application for a 


launch or reentry license to show that related regulatory requirements have been met. 


This analysis should include a description of the far-field overpressure analysis, 


including all assumptions and justifications for the assumptions, analysis methods, input 


data, and results. The following sections describe the minimum details that the 


application should provide and sample calculations for a simplified screening analysis. 


8.1 Terrain and Population Data. 


8.1.1 In accordance with § 450.137(c)(1), a far-field overpressure risk analysis submitted for 


compliance with the safety criteria in § 450.101 must include a description of the 


relevant characteristics of the general region surrounding the explosion used as input to 


the far-field overpressure analysis, including a description of population centers, terrain, 


building types, and window characteristics. To fulfill this application requirement using 


the screening methods identified in the AC, an applicant should provide the following. 


1. A list that includes the location (latitude and longitude) and population of each 


population center that contains at least one potentially inhabited structure within the 


maximum range of the FFBO hazard for each phase of flight. The population of any 


population center that consists of a single residential structure should be listed as 


less than or equal to four in the absence of more accurate information. 


2. A list of the number, size, and type of windows that face within 90 degrees of the 


azimuth from the maximum credible explosive yield location to the single structure 


location for each potentially inhabited structure within the distance defined by the 


“no-damage yield” for a single residence and the maximum credible explosive yield 


based on Figure 5 of this AC (replicated from Figure 5.2.3 of the IAASS 


publication). The description of window types should differentiate between 


annealed, tempered, dual paned and film covered. Window size categories should be 


based on typical windows found in the local populated areas and differentiate 


between pane areas that differ by a factor of two at the most. 


3. A table, such as shown in Table 2 of this AC, that identifies the closest population 


centers to each maximum credible explosion location that have populations of at 


least 100, 1,000, 10,000, 100,000, and 1,000,000 people, as well as the closest 


single potentially inhabited structure. 


4. A general description of the building types located in each of the population centers 


listed in the table provided to identify the closest population (in response to #3 of 


this list). The general description should identify, at a minimum, the following 


structure types located within each population center: mobile homes and trailers, 


single family residences, multi-family residences with no more than three-stories, 


residential structures with more than three-stories, commercial buildings of all kinds 


with no more than three-stories (including retail, offices, restaurants, gas stations, 


strip malls) and commercial and industrial buildings of all kinds with more than 


three -stories (including large retail, offices, warehouses, manufacturing, and malls). 
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5. A general description of the terrain within the maximum range of the FFBO hazard 


for each phase of flight. The general description should identify, at a minimum, the 


following terrain types: flat with land and/or water boundaries, and hilly with 


maximum elevation change. 


8.1.2 In accordance with § 450.137(c), a far-field overpressure risk analysis must include 


description of the far-field overpressure analysis, including all assumptions and 


justifications for the assumptions, analysis methods, and input data. To fulfill this 


application requirement using the screening methods identified in the AC, an applicant 


should provide the following. 


1. A description of the source of the data provided above, such as census data, physical 


surveys, and satellite imagery. 


2. A description of the dates for the source data, and any methods used to update the 


data to account for changes that could occur prior to the date of the operation. 


8.2 Explosive Yield-Probability Pairs. 


8.2.1 In accordance with § 450.137(c)(2), a far-field overpressure risk analysis must include a 


description of the methods used to compute the foreseeable blast yields probability 


pairs, and the complete set of yield-probability pairs, which are used as input to the 


far-field overpressure risk computations. Thus, an FFBO should include a description of 


how the explosive yield was computed for all phases of flight where an FFBO hazard 


was analyzed. 


8.3 Overpressure Computations. 


8.3.1 In accordance with § 450.137(c)(3), a far-field overpressure risk analysis must include a 


description of the methods used to compute peak incident overpressures as a function of 


distance from the explosion and prevailing meteorological conditions, including sample 


calculations for a representative set of the foreseeable meteorological conditions, yields, 


and population center distances from the explosion. 


8.3.2 For a screening analysis performed in accordance with this AC, an FFBO analysis 


should: 


1. Identify the equation used to peak incident overpressures as a function of distance 


(i.e., equation). 


2. A list of the input and output values for the equation used to compute the peak 


incident overpressure for each of the closest population centers that have 


populations of at least 100, 1,000, 10,000, 100,000, and 1,000,000 people, as well as 


the closest single potentially inhabited structure. 


3. List the maximum range of the FFBO hazard analysis for each phase of flight. 


4. Note that the prevailing meteorological conditions were conservatively assumed to 


produce caustic focusing on every population center within the maximum range of 


the FFBO hazard for each phase of flight. 
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8.4 Window Breakage. 


In accordance with § 450.137(c)(4), a far-field overpressure risk analysis must include a 


description of the methods used to compute the probability of window breakage. For a 


screening analysis performed in accordance with this AC, an FFBO analysis should 


state that the probability of breakage was based on the glass damage model described in 


ANSI Standard S2.20-1983. 


8.5 Probability of Casualty Computations. 


In accordance with § 450.137(c)(5), a far-field overpressure risk analysis must include a 


description of the methods used to compute the probability of casualty for a 


representative individual, including tabular data and graphs for the probability of 


casualty, as a function of location relative to the window and the peak incident 


overpressure for a representative range of window types, building types, and yields 


accounted for. For a screening analysis performed in accordance with this AC, an FFBO 


analysis should state that the method assumes that no casualties can occur from the 


maximum credible yield for each phase of flight because every population center within 


the maximum range of the FFBO hazard is located beyond “no-damage yield” range 


based on Figure 5 of this AC (replicated from Figure 5.2.3 of the IAASS publication).9 


  


 


9 Allahdadi, Firooz A., Isabelle Rongier, Tommaso Sgobba, and Paul D. Wilde, Safety Design for Space Operations, 


Sponsored by The International Association for the Advancement of Space Safety, Elsevier, Watham, MA, dated 


2013. 
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8.6 Probability of Casualty Threshold Locations. 


In accordance with § 450.137(c)(6), a far-field overpressure risk analysis must include 


tabular data and graphs showing the location of any individual member of the public 


that could be exposed to a probability of casualty of 1 × 10-5 or greater for neighboring 


operations personnel, and 1 × 10-6 or greater for other members of the public, given 


foreseeable meteorological conditions, yields, and population exposures. For a 


screening analysis performed in accordance with this AC, an FFBO analysis should 


state that no individuals will be exposed to a probability of casualty of 1 × 10-5 or 


greater for neighboring operations personnel, and 1 × 10-6 or greater for other members 


of the public because every population center within the maximum range of the FFBO 


hazard is located beyond “no-damage yield” range based on Figure 5 of this AC 


(replicated from Figure 5.2.3 of the IAASS publication). 


8.7 Maximum Expected Casualties. 


In accordance with § 450.137(c)(7), a far-field overpressure risk analysis must include 


the maximum expected casualties that could result from far-field overpressure hazards, 


given foreseeable meteorological conditions, yields, and population exposures. For a 


screening analysis performed in accordance with this AC, an FFBO analysis should 


state that the maximum expected casualties that could result from far-field overpressure 


hazards in any phase of flight is no more than 1E-6 because every population center 


within the maximum range of the FFBO hazard is located beyond “no-damage yield” 


range based on Figure 5 of this AC (replicated from Figure 5.2.3 of the IAASS 


publication). 


8.8 Meteorological Measurements. 


In accordance with § 450.137(c)(8), a far-field overpressure risk analysis must include a 


description of the meteorological measurements used. For a screening analysis 


performed in accordance with this AC, an FFBO analysis should state no 


meteorological measurements will be used because every population center within the 


maximum range of the FFBO hazard is located beyond “no-damage yield” range based 


on Figure 5 of this AC (replicated from Figure 5.2.3 of the IAASS publication). 
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Appendix A Yield Factor Equation Coefficients for HD 1.3 Solid Propellants 


Table 3 – TNT Yield Equations for Solid Propellant Geometries with Constant Web 


Thickness to Length Ratios, Side-on Impact in Sand10 


  Coefficients Limits (ft/sec) 


Element 


Type 
Curve a b c d e Min Max 


41-inch 


Segment 


Imp. -9.67E-14 1.74E-10 -1.02E-07 5.71E-05 3.32E-02 23 800 


OP 3.77E-14 -7.84E-11 6.51E-08 2.23E-05 3.47E-02 23 800 


60-inch 


Segment 


Imp 4.97E-13 -7.54E-10 3.98E-07 -3.89E-05 5.49E-02 68 800 


OP 6.36E-13 -9.37E-10 4.81E-07 -4.09E-05 5.73E-02 68 800 


92-inch 


Segment 


Imp -2.03E-13 5.22E-10 -2.20E-07 8.05E-05 7.34E-02 82 800 


OP -3.79E-13 8.87E-10 -3.91E-07 1.23E-04 8.02E-02 82 800 


124-inch 


Segment 


Imp -4.19E-12 6.66E-09 -3.05E-06 5.50E-04 7.50E-02 83 800 


OP -5.58E-12 8.85E-09 -4.05E-06 7.35E-04 8.16E-02 83 800 


146-inch 


Segment 


Imp -5.43E-12 7.24E-09 -2.41E-06 3.46E-04 1.08E-01 74 800 


OP -6.86E-12 9.08E-09 -2.97E-06 4.36E-04 1.25E-01 74 800 


41-inch 


CAS 


Imp -4.31E-13 9.54E-10 -6.82E-07 1.98E-04 9.52E-03 156 1000 


OP -4.79E-13 1.05E-09 -7.29E-07 2.05E-04 4.61E-03 156 1000 


60-inch 


CAS 


Imp 1.87E-14 7.06E-11 -6.74E-08 2.71E-05 3.29E-02 37 800 


OP 4.61E-14 5.87E-11 -6.71E-08 2.95E-05 3.04E-02 37 800 


92-inch 


CAS 


Imp -1.51E-13 4.06E-10 -3.08E-07 1.17E-04 3.98E-02 99 800 


OP -6.96E-13 1.41E-09 -9.08E-07 2.62E-04 3.17E-02 99 800 


124-inch 


CAS 


Imp -1.24E-12 2.06E-09 -1.01E-06 2.16E-04 4.99E-02 104 800 


OP -1.54E-12 2.45E-09 -1.11E-06 2.15E-04 5.79E-02 104 800 


146-inch 


CAS 


Imp -2.06E-12 3.26E-09 -1.48E-06 2.67E-04 6.04E-02 94 800 


OP -2.70E-12 4.22E-09 -1.86E-06 3.18E-04 6.82E-02 94 800 


18-inch 


Cube 


Imp 5.84E-16 -8.73E-12 4.42E-08 -1.20E-05 1.99E-02 89 1600 


OP 5.42E-16 -8.91E-12 5.03E-08 -1.36E-05 1.05E-02 89 1600 


24-inch 


Cube 


Imp 9.84E-16 -1.34E-11 5.79E-08 -8.19E-06 2.21E-02 79 1600 


OP 1.34E-15 -1.83E-11 8.01E-08 -1.83E-05 1.60E-02 79 1600 


30-inch 


Cube 


Imp -1.39E-17 -8.98E-12 5.79E-08 -4.41E-06 2.66E-02 72 1600 


OP 6.96E-17 -1.30E-11 8.11E-08 -1.24E-05 2.16E-02 72 1600 


 


10 Devoid, W. and C. Wass, “Final PIRAT Yield Model for Impacting Solid Propellant, Revision 2”, Report No. 


CSR3-00300-R2, A-P-T Research, Inc. Cocoa Beach, FL, 16 September 2011. 







09/10/2024  AC 450.137-1 


25 


Table 4 – TNT Yield Equations for Solid Propellant Geometries with Variable Web 


Thickness, Side-on Impact in Sand11 


Element 


Type, Web 


Thickness 


 
Coefficients 


Limits 
(ft/sec) 


Curve a b c d e Min Max 


41-in Seg, 
21 in 


Imp 0.00E+00 8.55E-11 -9.43E-08 6.48E-05 3.19E-02 78 800 


OP 0.00E+00 1.38E-10 -1.47E-07 8.80E-05 2.90E-02 78 800 


41-in Seg, 
14 in 


Imp 0.00E+00 8.04E-11 -8.67E-08 6.11E-05 3.06E-02 76 800 


OP 0.00E+00 1.00E-10 -1.02E-07 7.34E-05 2.71E-02 76 800 


41-in Seg,  
7 in 


Imp 0.00E+00 7.98E-11 -8.23E-08 5.69E-05 2.78E-02 74 800 


OP 0.00E+00 1.03E-10 -9.82E-08 6.72E-05 2.29E-02 74 800 


60-in Seg, 
30.6 in 


Imp 0.00E+00 6.76E-11 -3.87E-08 5.16E-05 4.81E-02 79 800 


OP 0.00E+00 7.23E-11 -2.41E-08 5.71E-05 4.99E-02 79 800 


60-in Seg, 
20.4 in 


Imp 0.00E+00 6.07E-11 -2.84E-08 4.71E-05 4.64E-02 79 800 


OP 0.00E+00 8.25E-11 -3.28E-08 5.78E-05 4.71E-02 79 800 


60-in Seg, 
10.2 in 


Imp 0.00E+00 6.53E-11 -3.05E-08 4.53E-05 4.26E-02 79 800 


OP 0.00E+00 8.96E-11 -4.14E-08 6.13E-05 4.09E-02 79 800 


92-in Seg, 
47 in 


Imp 0.00E+00 1.96E-10 -9.99E-08 6.74E-05 7.27E-02 67 800 


OP 0.00E+00 3.15E-10 -2.00E-07 1.12E-04 7.79E-02 67 800 


92-in Seg, 
31.3 in 


Imp 0.00E+00 1.96E-10 -1.00E-07 6.74E-05 6.99E-02 67 800 


OP 0.00E+00 1.93E-10 -4.52E-08 6.21E-05 7.84E-02 67 800 


92-in Seg, 
15.6 in 


Imp 0.00E+00 2.18E-10 -1.23E-07 7.30E-05 6.41E-02 67 800 


OP 0.00E+00 2.76E-10 -1.42E-07 8.94E-05 6.87E-02 67 800 


124-in Seg, 
63.2 in 


Imp 0.00E+00 5.19E-10 -3.28E-07 1.30E-04 9.11E-02 83 800 


OP 0.00E+00 5.79E-10 -2.84E-07 1.19E-04 1.10E-01 83 800 


124-in Seg, 
42.2 in 


Imp 0.00E+00 5.45E-10 -3.46E-07 1.30E-04 8.92E-02 83 800 


OP 0.00E+00 6.90E-10 -3.98E-07 1.50E-04 1.04E-01 83 800 


124-in Seg, 
21 in 


Imp 0.00E+00 5.29E-10 -3.11E-07 1.14E-04 8.50E-02 83 800 


OP 0.00E+00 6.66E-10 -3.71E-07 1.40E-04 9.54E-02 83 800 


146-in Seg, 
74.5 in 


Imp 0.00E+00 2.17E-11 9.72E-08 2.05E-04 8.29E-02 75 800 


OP 0.00E+00 7.37E-11 9.84E-08 2.64E-04 9.94E-02 75 800 


146-in Seg, 
49.6 in 


Imp 0.00E+00 -7.13E-10 1.10E-06 -1.73E-04 1.19E-01 74 800 


OP 0.00E+00 -8.61E-10 1.37E-06 -2.12E-04 1.44E-01 74 800 


146-in Seg, 
24.8 in 


Imp 0.00E+00 -6.99E-10 1.10E-06 -1.79E-04 1.16E-01 74 800 


OP 0.00E+00 -1.06E-09 1.62E-06 -2.91E-04 1.40E-01 74 800 
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Table 5 – TNT Yield Equations for Solid Propellant Geometries with Variable 


Lengths, Side-on Impact in Sand12 


Element Type, 
Length 


 Coefficients Limits (ft/sec) 


Curve a b c d e Min Max 


41-in Seg, 66 in 
Imp 0.00E+00 1.80E-10 -2.31E-07 1.12E-04 1.84E-02 60 800 


OP 0.00E+00 1.26E-10 -1.51E-07 8.91E-05 1.66E-02 60 800 


41-in Seg, 197 in 
Imp 0.00E+00 9.64E-11 -1.18E-07 7.32E-05 3.69E-02 67 800 


OP 0.00E+00 1.38E-10 -1.64E-07 9.66E-05 3.51E-02 67 800 


41-in Seg, 262 in 
Imp 0.00E+00 5.83E-11 -7.41E-08 6.12E-05 4.15E-02 51 800 


OP 0.00E+00 5.31E-11 -6.19E-08 6.57E-05 4.22E-02 51 800 


41-in Seg, 327 in 
Imp 0.00E+00 1.02E-10 -1.32E-07 8.19E-05 4.19E-02 66 800 


OP 0.00E+00 1.20E-10 -1.53E-07 1.01E-04 4.18E-02 66 800 


60-in Seg, 114 in 
Imp 0.00E+00 2.47E-11 -1.57E-08 4.77E-05 4.04E-02 67 800 


OP 0.00E+00 5.77E-11 -5.30E-08 7.22E-05 3.87E-02 67 800 


60-in Seg, 270 in 


Imp 0.00E+00 3.05E-11 -1.25E-08 4.91E-05 5.48E-02 20 800 


OP 0.00E+00 3.20E-11 -2.25E-09 5.92E-05 5.79E-02 20 800 


60-in Seg, 347 in 
Imp 0.00E+00 -1.76E-11 4.94E-08 3.07E-05 6.04E-02 90 800 


OP 0.00E+00 -3.11E-11 8.10E-08 3.26E-05 6.57E-02 90 800 


60-in Seg, 425 in 
Imp 0.00E+00 5.68E-11 -3.84E-08 5.54E-05 6.17E-02 17 800 


OP 0.00E+00 2.60E-11 1.49E-08 5.12E-05 6.75E-02 17 800 


92-in Seg, 98 in 
Imp 0.00E+00 4.78E-10 -4.82E-07 1.57E-04 4.40E-02 77 800 


OP 0.00E+00 6.46E-10 -6.58E-07 2.15E-04 4.24E-02 77 800 


92-in Seg, 147 in 
Imp 0.00E+00 1.16E-10 -4.83E-08 6.06E-05 5.82E-02 80 800 


OP 0.00E+00 1.49E-10 -5.93E-08 6.10E-05 6.50E-02 75 800 


92-in Seg, 196 in Imp 0.00E+00 2.03E-10 -7.54E-08 7.49E-05 7.14E-02 75 800 


 


11 Devoid, W. and C. Wass, “Final PIRAT Yield Model for Impacting Solid Propellant, Revision 2”, Report No. 


CSR3-00300-R2, A-P-T Research, Inc. Cocoa Beach, FL, 16 September 2011. 
12 Devoid, W. and C. Wass, “Final PIRAT Yield Model for Impacting Solid Propellant, Revision 2”, Report No. 


CSR3-00300-R2, A-P-T Research, Inc. Cocoa Beach, FL, 16 September 2011. 
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Element Type, 
Length 


 Coefficients Limits (ft/sec) 


Curve a b c d e Min Max 


OP 0.00E+00 2.16E-10 -1.15E-07 7.66E-05 6.90E-02 72 800 


92-in Seg, 245 in 


Imp 0.00E+00 3.14E-10 -1.76E-07 1.04E-04 7.61E-02 72 800 


OP 0.00E+00 -4.81E-11 1.24E-07 1.91E-05 7.12E-02 84 800 


124-in Seg, 132 in 


Imp 0.00E+00 -1.35E-10 2.57E-07 -8.15E-06 8.11E-02 84 800 


OP 0.00E+00 1.42E-10 -1.60E-08 5.16E-05 8.02E-02 91 800 


124” Seg, 199 in 
Imp 0.00E+00 1.90E-10 -1.71E-08 6.61E-05 8.98E-02 91 800 


OP 0.00E+00 5.29E-10 -3.28E-07 1.27E-04 8.34E-02 85 800 


124” Seg, 265 in 
Imp 0.00E+00 7.05E-10 -4.17E-07 1.53E-04 9.59E-02 85 800 


OP 0.00E+00 4.87E-10 -2.93E-07 1.25E-04 8.91E-02 71 800 


124” Seg, 331 in 
Imp 0.00E+00 6.81E-10 -4.25E-07 1.73E-04 1.03E-01 71 800 


OP 0.00E+00 1.49E-10 -5.93E-08 6.10E-05 6.50E-02 75 800 


146” Seg, 165 in 
Imp 0.00E+00 5.74E-11 -3.12E-08 8.80E-05 7.88E-02 72 800 


OP 0.00E+00 1.24E-10 -8.57E-08 1.23E-04 8.91E-02 72 800 


146” Seg, 243 in 
Imp 0.00E+00 4.36E-10 -2.66E-07 1.29E-04 8.82E-02 75 800 


OP 0.00E+00 5.89E-10 -3.58E-07 1.69E-04 1.03E-01 75 800 


146” Seg, 320 in 
Imp 0.00E+00 5.34E-10 -3.19E-07 1.41E-04 9.54E-02 72 800 


OP 0.00E+00 8.78E-10 -6.10E-07 2.36E-04 1.11E-01 72 800 


146” Seg, 398 in 
Imp 0.00E+00 6.25E-10 -3.79E-07 1.56E-04 1.00E-01 75 800 


OP 0.00E+00 7.91E-10 -4.54E-07 1.91E-04 1.21E-01 75 800 


 


 


 


 


 


 


 


 


 







OMB Control Number: 2120-0746 


Expiration Date: 11/30/2024 


FAA Form 1320-73 (09/22) SUPERSEDES PREVIOUS EDITIONS 


 


 


Advisory Circular Feedback Form 


 


 


If you find an error in this AC, have recommendations for improving it, or have suggestions for 


new items/subjects to be added, you may let us know by (1) emailing this form to 9-AST-


ASZ210-Directives@faa.gov, or (2) faxing it to (202) 267-5450. 


Subject: (insert AC title/number here) Date: Click here to enter text. 


Please check all appropriate line items: 


☐ An error (procedural or typographical) has been noted in paragraph Click here to enter text. 


on page Click here to enter text.. 


☐ Recommend paragraph Click here to enter text. on page Click here to enter text. be 


changed as follows: 


Click here to enter text. 


☐ In a future change to this AC, please cover the following subject: 
(Briefly describe what you want added.) 


Click here to enter text. 


☐ Other comments: 


Click here to enter text. 


☐ I would like to discuss the above. Please contact me. 


Submitted by:   Date:   


Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not 


required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information 


subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid 


OMB Control Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for this 


collection of information is estimated to be approximately 5 minutes per response, including the time for reviewing 


instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing 


the collection of information. All responses to this collection of information are voluntary per FAA Order 1320.46D Send 


comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 


reducing this burden to: Information Collection Clearance Officer, 800 Independence Ave, Washington, D.C. 20590. 


 


 


 



mailto:9-AST-ASZ210-Directives@faa.gov

mailto:9-AST-ASZ210-Directives@faa.gov



		Structure Bookmarks

		1 PURPOSE. 

		1.1 This advisory circular (AC) provides guidance on a simplified method for performing a Far-Field Blast Overpressure (FFBO) effects analysis as part of a flight safety analysis in accordance with 14 CFR § 450.137. The FAA considers this AC an accepted means of compliance with the regulatory requirements of § 450.137. 
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1 PURPOSE 
This AC provides guidance for an operator conducting a licensed launch or reentry 
under 14 CFR part 450. In accordance with §§ 450.139 and 450.187, as applicable, an 
operator that uses toxic propellants or other toxic chemicals must conduct a toxic 
release hazard analysis (TRHA), manage the risk of casualties that could arise from 
exposure to toxic release through toxic containment or a toxic risk assessment, and 
establish flight commit criteria and ground hazard controls, as applicable, for any 
necessary evacuation of the public from a toxic hazard area. This current version of 
this AC discusses only how to identify whether there are toxic materials which is 
sufficient for demonstrating non-applicability with §§ 450.139 and 450.187 or using a 
Federal entity to perform a TRHA. A future version will include additional 
information on performing a TRHA. 


1.1 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of 
compliance that an applicant may elect to present. Throughout this document, the 
word “must” characterizes statements that directly follow from regulatory text and 
therefore reflect regulatory mandates. The word “should” describes an option that, if 
used would constitute a means to comply with the regulation; variation from the 
provisions of this AC is possible but must satisfy the regulation to constitute a means 
of compliance. The word “may” describes variations or alternatives allowed within 
the accepted means of compliance set forth in this AC. 


2 APPLICABILITY 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is also for 
applicants seeking a vehicle operator license under part 450 and holders of a part 450 
license seeking to renew or modify their existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes 
and regulations) is voluntary only, and nonconformity will not affect rights and 
obligations under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3.1 


3.2 


APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


Related United States Code Statute. 


• Title 51 U.S.C. Subtitle V, Chapter 509. 


Related FAA Commercial Space Transportation Regulations. 
The following 14 CFR regulations must be accounted for when showing compliance 
with 14 CFR §§ 450.139 and 450.187. The full text of these regulations can be 
downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 
ordered from the Government Printing Office, Superintendent of Documents, Attn: 
New Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 450.35, Means of compliance. 


• Section 450.179, Ground safety – general. 


3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars are available through the FAA website, http://www.faa.gov. 


• AC 413.13-1, Guidance on Submitting a Complete Application for a Vehicle 
Operator License. 


3.4 Related Industry and Government Documents. 


1. Federal Aviation Administration Office of Environment and Energy, 1050.1F
Desk Reference (v4), https://www.faa.gov/media/31111, September 2023.


2. National Oceanic and Atmospheric Administration, CAMEO Chemicals Database
of Hazard Materials, https://cameochemicals.noaa.gov.


3. National Academies of Sciences, Engineering, and Medicine. Assessment of
Exposure-Response Functions for Rocket-Emission Toxicants. Washington, DC:
The National Academies Press, 1998. https://doi.org/10.17226/6205.


4 DEFINITION OF TERMS 
The terms from 14 CFR 401.7 apply. There are no additional definitions specific to 
this AC. 
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ACRONYMS. 
AC – Advisory Circular 


AEGLs – Acute Exposure Guideline Levels 


CAMEO – Computer-Aided Management of Emergency Operations 


CFR – Code of Federal Regulations 


EPA – U.S. Environmental Protection Agency 


ERPGs – Emergency Response Planning Guidelines 


FAA – Federal Aviation Administration 


OSHA – Occupational Safety and Health Administration 


SDSs – Safety Data Sheets 


SPEGLs – Short-term Public Emergency Guidance Levels 


TRHA – Toxic Release Hazard Analysis 


U.S.C – United States Code 
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6 OVERVIEW. 
In accordance with §§ 450.139 and 450.187, an operator must protect the public from 
toxic hazards associated with its licensed flight and ground operations. This AC 
provides: 


1. Guidance on the applicability of the toxic hazard requirements of §§ 450.139 and
450.187,


2. A means of demonstrating compliance with these regulations in the case where
there are no toxic chemicals, and


3. A means of demonstrating compliance with these regulations when services are
provided by a Federal entity.


Pursuant to § 450.35(a)(2) and (a)(5), an applicant who elects to perform a toxic 
release risk assessment must submit their proposed means of compliance with 
§§ 450.139(e)(1) and 450.187(e)(1) for FAA approval before the FAA can accept
their license application for review. Note that, although §§ 450.139 and 450.187 are
very similar, an operator must demonstrate an acceptable level of risk to public safety
for ground and flight operations as two distinct sets of regulatory requirements.


7 APPLICABILITY OF REGULATIONS. 
Sections 450.139 and 450.187 apply to any launch or reentry vehicle, including all 
vehicle components and payloads that use toxic propellants or other toxic chemicals. 
An applicant must document use of any toxic propellants or other toxic chemicals, 
and subsequent determination of applicability or non-applicability of §§ 450.139 and 
450.187, per paragraph (a) of each section. 


7.1 What is Toxic? 
"Toxic" does not have a precise definition, but generally it encompasses all substances 
that produce meaningful adverse effects to biological organisms due to properties of 
the substance. This includes chemical interactions, such as corrosive effects, and 
physical effects, such as fine particulates that are inhalation hazards. It does not 
include impact effects (i.e. collisions), which are not properties of the substance but of 
an object. Nor does toxic include transmission of energy through electromagnetic or 
mechanical (e.g. pressure) waves. Although sometimes radionuclides are considered 
toxic, in the context of Part 450 they are handled on a case-by-case basis per 
§ 450.45(e)(6) and thus do not need to be considered with respect to §§ 450.139 and
450.187.


6 







07/08/2024 AC 450.139-1


7.2 Toxicity Thresholds. 
In general, it is sufficient to consider only substances that may cause a serious injury 
or worse to humans due to exposure of less than a few days. Environmental review 
requirements (§ 450.47) related to toxicity include analysis of hazardous substances 
from planned events; for more information see Section 7 of Reference 1 in section 3.4 
of this document. Residual hazardous materials must be safely disposed of as part of 
the emergency response plan in accordance with § 450.173(d)(3)(ii), so should have 
no safety impacts. The standard method for evaluating toxicity is through Acute 
Exposure Guideline Levels (AEGLs), Emergency Response Planning Guidelines 
(ERPGs), and Short-term Public Emergency Guidance Levels (SPEGLs). These 
represent threshold exposure limits (concentrations below which adverse health 
effects are not likely to occur) for different durations and severity of effects. 
Evaluation of adverse health effects should consider the most vulnerable foreseeable 
person that could be exposed. 


7.3 Exception for Kerosene-based Fuels. 
As stated in §§ 450.139(a)(2) and 450.187(a)(2), no toxic release hazard analysis is 
required for kerosene-based fuels unless the Administrator determines that one is 
required to protect public safety. Kerosene-based fuels include both jet fuels, such as 
Jet-A, Jet A-1, Jet-B, and rocket fuels, such as RP-1. Jet fuels are conventionally used 
in aviation to power gas-turbine aircraft that possess standard airworthiness 
certificates from the FAA. For this reason, the FAA found that in most cases 
exempting such kerosene-based fuels from the requirement to perform a toxic release 
hazard analysis would not have a material effect on public safety. The FAA may 
require an operator to perform an analysis if the FAA determines that such an analysis 
is required to protect public safety. For example, the FAA may require an analysis for 
uses of kerosene-based fuel in systems presenting a novel design or uses that are 
inconsistent with standard industry practices that may present risk to public safety. 


7.4 Acceptable Method for Identifying Toxic Chemicals. 
The following describes an acceptable method for identifying toxic chemicals. 
Applicants may also propose alternative methods which the FAA would need to 
approve. 


7.4.1 License applicants should prepare a vehicle bill of materials, which lists every type of 
material for every vehicle component, including propellants and other chemicals. 
Applicants should evaluate every material onboard the vehicle using the latest version 
of the CAMEO Chemicals Database (reference 2 in paragraph 3.4). If a substance is 
not found when searching the CAMEO database, then the Safety Data Sheet (SDS)1 


for the substance, as provided by the chemical manufacturer, should be used. Each of 
these materials should be classified as follows: 


1 See https://www.osha.gov/publications/osha3514.html for the standard for safety data sheets. 
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Table 1. Criteria for Classifying Materials 


Classification Criterion 


Kerosene-based fuel Chemical name: Jet-A, Jet A-1, Jet-B, kerosene, or RP-1 


Non-toxic No AEGLs, ERPGs, or SPEGLs listed in CAMEO or 


Section 11 of the SDS shows no toxicity. 


Potentially toxic For other than kerosene-based fuels 


AEGLs, ERPGs, and/or SPEGLs listed in CAMEO or 


Section 11 of the SDS shows potential toxicity 


7.4.2 Likewise, the combustion products of propellants should be evaluated using the 
guidance in Assessment of Exposure-Response Functions for Rocket-Emission 
Toxicants. (Reference 3 in section 3.4 of this AC). 


7.4.3 A bill of materials for every payload is also required from its manufacturer, and the 
same comparison will be performed prior to the payload arriving at the launch site. 


8 







07/08/2024 AC 450.139-1


8 MEANS OF COMPLIANCE OPTIONS 


8.1 No use of toxics, rendering §§ 450.139 and 450.187 inapplicable. 
If a vehicle does not have toxic chemicals, the application must justify this to 
demonstrate that §§ 450.139 and 450.187 do not apply. 


8.1.1 In this case, the application should state: 


8.1.1.1 The process described in paragraph 7.3 of AC 450.139-1 has been 
followed. No materials on the vehicle were determined to be potentially 
toxic. If after licensure, a potentially toxic chemical is identified in a 
payload, an application for a license modification will be submitted in 
accordance with § 450.211. If the proposed launch or reentry will not 
involve toxic propellants or other toxic materials, then pursuant to 
§ 450.139(a) [or § 450.187(a)], the requirements of § 450.139 [or
§ 450.187] are inapplicable, as there are no toxic chemicals to report
under § 450.139(f)(1) [or § 450.187(f)(1)].


Note: The FAA may require evidence of this analysis from the applicant during its 
evaluation of the license application or in an inspection post-licensure. 


8.2 Federal Entity Services accepted under § 450.45(b) for §§ 450.139 or 450.187. 
In accordance with § 450.45(b), the FAA will accept any safety-related launch or 
reentry service or property provided by a Federal launch or reentry site or other 
Federal entity by contract, as long as the FAA determines that the launch or reentry 
services or property provided satisfy this part. Thus, an applicant who proposes to use 
toxics in their launch or reentry operations may contract with a Federal entity to 
provide toxic release hazard analyses required by §§ 450.139 and/or 450.187, 
provided the FAA has accepted the entity's services for these sections. An applicant 
seeking to rely on services provided by a Federal entity to meet the toxic hazard 
requirements for flight and/or ground safety must identify in their application the 
Federal services provided in satisfaction of §§ 450.139 and/or 450.187. 


Note: A Federal entity's services may cover only some parts of §§ 450.139 and/or 
450.187; the applicant may be responsible for some aspects. The application should 
be explicit about the role of the Federal entity. 


Note: Federal entities often do not perform the release analysis per §§ 450.139(c)(2) 
or 450.187(c)(2); in the case the application must include a response to 
§§ 450.139(f)(7) and/or 450.187(f)(7).
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8.2.1 If a Federal entity is performing the entire toxic release hazard analysis for flight 
safety per § 450.139, the application should state: 


8.2.1.1 [Entity name] will be performing the toxic release hazard analysis for 
flight based on data we (the operator) provide on toxic chemicals. We 
used the process described in paragraph 7.3 of AC 450.139-1 to identify 
potentially toxic chemicals. The final flight data package will be 
provided to the Federal entity for each operation that includes the 
quantities and types of toxic chemicals on the vehicle and any 
payload(s). [Entity] is a Federal entity whose services have been 
procured by [Applicant name] to demonstrate compliance with the toxic 
release hazard requirements of § 450.139 in accordance with 
§ 450.45(b). The results of the toxic release hazard analysis are
incorporated into the verification that safety criteria in § 450.101 are
satisfied, which is included in the flight commit criteria per § 450.165.


8.2.2 If a Federal entity (other than the launch or reentry site) is performing the entire toxic 
release hazard analysis for ground operations per § 450.187, the application should 
state: 


8.2.2.1 [Entity name] will be performing the toxic release hazard analysis for 
ground safety based on data we (the operator) provide on toxic 
chemicals. We used the process described in paragraph 7.3 of 
AC 450.139-1 to identify potentially toxic chemicals. Data on toxic 
chemicals will be provided to the entity for each system prior to arrival 
at the launch or reentry site according to the requirements of the entity. 
[Entity] is a Federal entity whose services have been procured by 
[Applicant name] to demonstrate compliance with the toxic hazard 
requirements of § 450.187 in accordance with § 450.45(b). The 
mitigations that result from this analysis, in accordance with § 450.187 
(f)(8,9), are incorporated in the ground hazard controls, as discussed in 
our submission with respect to § 450.189. 


Note: During application review, the FAA will review the services provided by the 
Federal entity to ensure that they satisfy the applicable requirements of §§ 450.139 
and/or 450.187 for the operations proposed in the application, in accordance with 
§ 450.45(b). The FAA may also require evidence of the applicant’s identification of
toxics during application review or during post-licensure inspections.


8.3 Exemption under § 450.179(b) for ground safety services provided by a Federal 
launch or reentry site at its own site. 
In accordance with § 450.179(b) and (c), an operator is not required to comply with 
the ground safety requirements in §§ 450.181 through 450.189, including the toxic 
hazard requirements of § 450.187, if (1) the launch or reentry is being conducted from 
a Federal launch or reentry site; (2) the operator has a written agreement with the 
Federal site for the provision of ground safety services and oversight; and (3) the 
Administrator has determined that the Federal launch or reentry site’s ground safety 
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processes, requirements, and oversight are not inconsistent with the Secretary’s 
statutory authority over commercial space activities. An applicant seeking to avail 
themselves of the exception in § 450.179(b) must provide the agreement described in 
§ 450.179(b)(2).


8.3.1 If an applicant seeks exemption from the toxic hazard requirements for ground 
operations (§ 450.187) at a Federal launch or reentry site, the application should state: 


8.3.1.1 [Site name] is a Federal launch [or reentry] site that is providing ground 
safety services and oversight in accordance with § 450.179(b). As such, 
[Applicant] submits that § 450.187 does not apply to this license. 


8.4 Applicant Performing Toxic Release Hazard Analysis. 
An applicant may also perform their own toxic release hazard analysis for ground or 
flight (or both) that satisfies all the requirements of §§ 450.139 and/or 450.187. In this 
scenario, the applicant should identify any toxics in the manner described in 
paragraph 7.3 of AC 450.139-1, conduct a toxic release hazard analysis in accordance 
with §§ 450.139(c) and/or 450.187(c), manage the risk of casualties that could arise 
from toxic release exposure by performing containment (per §§ 450.139(d) and/or 
450.187(d)) or a toxic release risk assessment in accordance with §§ 450.139(e) 
and/or 450.187(e). A description of the means of compliance for the regulation and all 
application requirements in §§ 450.139(f) and/or 450.187(f) must be provided. 


8.4.1 Applicants electing to perform a toxic release risk assessment (in lieu of containment) 
in accordance with §§ 450.139(e)(1) and 450.187(e)(1) are advised that the 
Administrator has accepted the following airborne toxic concentration and duration 
thresholds for toxic release risk assessment: 


• Acute Exposure Guideline Level 2 (AEGL-2), 


• Emergency Response Planning Guidelines Level 2 (ERPG-2), or


• Short-term Public Emergency Guidance Level (SPEGL). 


These can be found for specific substances in the CAMEO Chemicals Database. 
(Reference 2 in section 3.4 of this AC). Applicants may also develop their own means 
of complying with the requirements in §§ 450.139(e)(1) and 450.187(e)(1). However, 
pursuant to § 450.35(a), any alternative means of complying with §§ 450.139(e)(1) or 
450.187(e)(1) must be accepted by the Administrator prior to application acceptance. 


8.4.2 At this time, the FAA is not aware of any applicant desiring to assess toxic hazards on 
their own, except through the provision of services from a Federal Entity. The FAA 
will provide more detailed guidance on demonstrating compliance with §§ 450.139 
and 450.187 in a future revision of this AC. 
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AC No: 450.141-1A 


Revision A 


This Advisory Circular (AC) provides guidance for an applicant to identify computing system 


safety items, develop safety requirements for each computing system safety item, and mitigate 


the risks presented by computing system safety items, in accordance with Title 14 of the Code of 


Federal Regulations (14 CFR) § 450.141. An applicant must identify all computing system safety 


items and implement safety requirements for each computing system safety item based on level 


of criticality, in accordance with § 450.141(a) and (b). An applicant must then implement a 


development process appropriate for each computing system safety item’s level of criticality, in 


accordance with § 450.141(c). 


This AC describes acceptable means, but not the only means for demonstrating compliance with 


the regulatory requirements of § 450.141. It is intended to assist prospective applicants in 


obtaining commercial space authorizations and operating in compliance with commercial space 


regulations. The FAA will consider other means of compliance that an applicant may elect to 


present. The contents of this document do not have the force and effect of law and are not meant 


to bind the public in any way. The document is intended only to provide clarity to the public 


regarding existing requirements under the law or agency policies. 


If you have suggestions for improving this AC, you may use the Advisory Circular Feedback 


form at the end of this AC. 
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Principal Changes 


Revision A updates AC 450.141-1, Computing System Safety, dated 


October 15, 2020. This AC change includes the following principal changes. 


1. Moved paragraph 2.4 to paragraph 1.2 to maintain consistency across all AST 


ACs. 


2. For paragraphs 4.13 and 4.14, revised definitions of terms “risk,” and “risk 


mitigation.” 


3. For paragraph 6.1.2, revised second sentence to reference a functional hazard 


analysis. 


4. For paragraph 6.2.3.1, added the phrase, “to make them consistent with 


§ 450.141(a)(2) to the second sentence. 


5. For paragraph 6.2.3.2, clarified reasonably foreseeable faults for a computing 


system are being those that an analyst can discover through methodical 


assessment of the system and the factors that interact with it. 


6. For paragraph 6.2.4.1, added requirement regarding the level of criticality for 


computing system safety items. 


7. Added paragraph 6.2.4.5.1 describing what a fault tolerance analysis should 


identify and what its criteria should include. 


8. For paragraph 8.2.5, added a sentence that states configuration management 


processes start when an initial baseline configuration is identified. 


9. For paragraph 8.2.6, updated discussion of validation and verification to 


encompass lessons learned. 


10. Added footnote 3 on page 22 referencing the requirement of a system safety 


program be maintained during the lifecycle of a launch and reentry program. 


11. For paragraph 8.3.6, clarified how maintenance affects computing system 


software during the lifecycle of that system. 


12. Added paragraph 9.5 that clarifies the purpose of appendices D and E on lessons 


learned from historical space vehicle failures. 
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1 PURPOSE. 


1.1 This Advisory Circular (AC) provides guidance for identifying computing system safety 


items, developing safety requirements for each computing system safety item, and 


mitigating the risks presented by computing system safety items, in accordance with 


14 CFR § 450.141. It is intended to provide guidance for an applicant in developing 


software and computing system safety analyses and processes to comply with 


§ 450.141. 


1.2 Level of Imperatives. 


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. Throughout this document, the word “must” 


characterizes statements that directly flow from regulatory text and therefore reflect 


regulatory mandates. The word “should” describes a requirement if electing to use this 


means of compliance; variation from these requirements is possible, but must be 


justified and approved as an alternative means of compliance. The word “may” 


describes variations or alternatives allowed within the accepted means of compliance 


set forth in this AC. In general, these alternative approaches can be used only under 


certain situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators who 


are required to comply with 14 CFR part 450. The guidance in this AC is for those 


seeking a launch or reentry vehicle operator license, and a licensed operator seeking to 


renew or modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right and the FAA will not rely upon this 


guidance as a separate basis for affirmative enforcement action or other administrative 


penalty. Conformity with this guidance document (as distinct from existing statutes and 


regulations) is voluntary only, and nonconformity will not affect rights and obligations 


under existing statutes and regulations. This AC describes acceptable means, but not the 


only means, for demonstrating compliance with the applicable regulations. 


2.3 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 
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3 APPLICABLE REGULATIONS AND RELATED GUIDANCE DOCUMENTS. 


3.1 Applicable Statute. 


 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Applicable FAA Commercial Space Transportation Regulations. 


The following 14 CFR regulations must be accounted for when showing compliance 


with § 450.141. You can download the full text of these regulations from the U.S. 


Government Printing Office e-CFR, or order a paper copy from the Government 


Printing Office, Superintendent of Documents, Attn: New Orders, PO Box 371954, 


Pittsburgh, PA, 15250-7954. 


 Section 401.7, Definitions. 


 Section 450.141, Computing System Safety. 


3.3 Technical Reports Related to Computing System Safety. 


1. Department of Defense, Standard Practice MIL-STD-882E, System Safety, 


May 11, 2012 


(https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027). 


2. International Organization for Standardization (ISO), ISO/IEC/IEEE 29119-3:2013, 


Software and systems engineering – Software testing – Part 3: Test documentation, 


https://www.iso.org/standard/56737.html. 


3. ISO/IEC TR 24772, Programming languages — Guidance to avoiding 


vulnerabilities in programming languages, ISO/IEC TR 24772, Programming 


languages — Guidance to avoiding vulnerabilities in programming languages. 


4. Institute of Electrical and Electronic Engineers, IEEE 1012-2016/Corrigendum 


1-2017, IEEE Draft Standard for System, Software and Hardware Verification and 


Validation – Corrigendum 1. https://standards-stg.ieee.org/standard/1012-2016-


Cor1-2017.html. 


5. Institute of Electrical and Electronic Engineers, IEEE 1228-1994, IEEE standard for 


Software Safety Plans, https://standards.ieee.org/standard/1228-1994.html. 


6. Institute of Electrical and Electronic Engineers, IEEE/ISO/IEC 12207, International 


Standards Systems and software engineering – Software life cycle processes, 


https://standards.ieee.org/standard/12207-2017.html. 


7. Joint Services Software Safety Committee, Software System Safety Handbook, 


Version 1, dated August 27, 2010, http://www.acqnotes.com/Attachments/Joint-


SW-Systems-Safety-Engineering-Handbook.pdf. 


8. National Aeronautics and Space Administration, NASA-STD-8739.8, Software 


Assurance and Software Safety Standard, 


https://standards.nasa.gov/standard/osma/nasa-std-87398. 



http://www.ecfr.gov/

http://www.ecfr.gov/

https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027

https://www.iso.org/standard/56737.html

https://avssp.faa.gov/avs/arm/Streamlining-Launch-Reentry-%20Reqs/All%20Documents/Advisory%20Circulars/ISO/IEC%20TR%2024772,%20Programming%20languages%20—%20Guidance%20to%20avoiding%20vulnerabilities%20in%20programming%20languages

https://avssp.faa.gov/avs/arm/Streamlining-Launch-Reentry-%20Reqs/All%20Documents/Advisory%20Circulars/ISO/IEC%20TR%2024772,%20Programming%20languages%20—%20Guidance%20to%20avoiding%20vulnerabilities%20in%20programming%20languages

https://standards-stg.ieee.org/standard/1012-2016-Cor1-2017.html

https://standards-stg.ieee.org/standard/1012-2016-Cor1-2017.html

https://standards.ieee.org/standard/1228-1994.html

https://standards.ieee.org/standard/12207-2017.html

http://www.acqnotes.com/Attachments/Joint-SW-Systems-Safety-Engineering-Handbook.pdf

http://www.acqnotes.com/Attachments/Joint-SW-Systems-Safety-Engineering-Handbook.pdf

https://standards.nasa.gov/standard/osma/nasa-std-87398
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9. National Aeronautics and Space Administration, NASA-STD-8739.9, Software 


Formal Inspections Standard, https://standards.nasa.gov/standard/osma/nasa-std-


87399. 


10. National Aeronautics and Space Administration, NASA-GB-8719.13, NASA 


Software Safety Guidebook, dated March 31, 2004, 


https://standards.nasa.gov/standard/nasa/nasa-gb-871913 


11. National Aeronautics and Space Administration, NASA-HDBK-2203, NASA 


Software Engineering and Assurance Handbook, dated April 4, 2020, 


https://standards.nasa.gov/standard/nasa/nasa-hdbk-2203. 


12. Range Commanders Council, Range Safety Group, Flight Termination System 


Commonality Standard, RCC 319-19, White Sands, NM, 2019, 


https://www.wsmr.army.mil/RCCsite/Documents/319-19_FTS_Commonality/319-


19_FTS_Commonality.pdf. 


13. Society of Automotive Engineers, GEIA-STD-0010A, Standard Best Practices for 


System Safety Program Development and Execution, dated October 18, 2018, 


https://www.sae.org/standards/content/geiastd0010a/?src=geiastd0010. 


  



https://standards.nasa.gov/standard/nasa/nasa-gb-871913

https://standards.nasa.gov/standard/nasa/nasa-hdbk-2203

https://www.wsmr.army.mil/RCCsite/Documents/319-19_FTS_Commonality/319-19_FTS_Commonality.pdf

https://www.wsmr.army.mil/RCCsite/Documents/319-19_FTS_Commonality/319-19_FTS_Commonality.pdf

https://www.sae.org/standards/content/geiastd0010a/?src=geiastd0010
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4 DEFINITION OF TERMS. 


For this AC, the terms and definitions from § 401.7 and this list apply: 


4.1 Commercial off-the-shelf (COTS) software. 


Operating systems, libraries, applications, and other software purchased from a 


commercial vendor and not custom built for the applicant’s project. 


4.2 Computing system safety item. 


Any software or data that implements a capability that, by intended operation, 


unintended operation, or non-operation, can present a hazard to the public. A computing 


system safety item often contains several software functions assembled to meet a group 


of related requirements (e.g. an autonomous flight safety system (AFSS) or GPS). 


4.3 Degree of control. 


A computing system safety item’s importance in the causal chain for a hazard, in either 


causing or preventing the hazard. 


4.4 Failure. 


The inability of a computing system item to fulfill its operational requirements. 


4.5 Failure Modes and Effects Analysis (FMEA). 


An analysis of each potential failure in a system to determine the effects of each 


potential failure on the system and to classify each potential failure according to its 


severity and likelihood. 


4.6 Fault. 


An imperfection or deficiency in a computing system item that may contribute to a 


failure. 


4.7 Fault Tree Analysis (FTA). 


An analysis that identifies potential faults in the system and determines how those faults 


lead to a failure of the system to achieve its purpose. An FTA can include deductive 


system reliability analysis that provides qualitative and quantitative measures of the 


propensity for failure of a system, subsystem, or event. 


4.8 Firmware. 


Computer programs or data loaded into a class of memory that cannot be dynamically 


modified by the computer during processing. Firmware is treated as software. 
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4.9 Government off-the-shelf (GOTS) software. 


Operating systems, libraries, applications, and other software obtained from a 


government entity and not custom built for the applicant’s project. 


4.10 Level of criticality. 


The risk posed by a computing system safety item, which is a combination of the 


severity of the hazards associated with the computing system safety item and the 


computing system safety item’s degree of control. 


4.11 Memory. 


Parts of an electronic digital computer that retain instructions and data for some interval 


of time. Memory is the electronic holding place for instructions and data that the 


microprocessor of a computer can access. 


4.12 Risk. 


Measure that takes into consideration, for hardware, the probability of occurrence and 


the consequence of a hazard to a population or installation. For computing systems, risk 


takes into consideration the computing system’s contributions to hazard causation or 


mitigation and the consequence of a hazard to a population or installation. 


4.13 Risk mitigation. 


Process of reducing either the likelihood or the severity of a risk for hardware. For 


software, risk mitigation is the process of reducing the severity, reducing the degree of 


control, or validating and verifying correct control. 


4.14 Safety-critical computer system function. 


Any computer system function whose proper recognition, control, performance, or 


tolerance, is essential to ensuring public safety and the safety of property. 


4.15 Safety requirement. 


A computing system requirement or software requirement defined for a computing 


system safety item that specifies an attribute or function that presents, mitigates, or is 


otherwise involved in a hazard to the public. 


4.16 Software. 


Computer programs, databases, and, possibly, associated documentation and data 


pertaining to the operation of a computer system. Operating system software that 


controls the basic functions of the computer system and application software that 


enables the computer to perform tasks are included, as are configuration files, 


databases, firmware, and supporting data structures. 
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4.17 Validation. 


An evaluation to determine that each safety measure derived from a system safety 


process is correct, complete, consistent, unambiguous, verifiable, and technically 


feasible. Validation ensures that the right safety measure is implemented, and that the 


safety measure is well understood. 14 CFR 401.7. 


4.18 Verification. 


An evaluation to determine that safety measures derived from a system safety process 


are effective and have been properly implemented. Verification provides objective 


evidence that a safety measure reduces risk to acceptable levels. 14 CFR 401.7. 
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5 MEANS OF COMPLIANCE. 


The guidance in chapters 6 through 9 of this AC details methods that an operator may 


use to demonstrate compliance with each of the requirements in § 450.141. 


5.1 RCC 319-19 Tailoring. 


An applicant may choose to demonstrate compliance with § 450.141 by tailoring Range 


Commanders Council, Range Safety Group, Flight Termination System Commonality 


Standard, RCC 319-19. The FAA will work with applicants to tailor RCC 319-19 to 


comply with § 450.141. A tailored RCC 319-19 used as a means of compliance for 


§ 450.141 should be submitted to the FAA for acceptance prior to being included in a 


license application.1 


  


                                                 


1 RCC 319-19 is a flight termination system design standard. Applicants should carefully consider the requirements 


throughout RCC 319-19 prior to tailoring the requirements for systems other than flight termination systems. 
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6 IDENTIFICATION OF COMPUTING SYSTEM SAFETY ITEMS. 


6.1 Identifying each Computing System Safety Item. 


6.1.1 Section 450.141(a)(1) requires the applicant to identify any software or data that 


implements a capability that, by intended operation, unintended operation, or 


non-operation, can present a hazard to the public. In order to meet the requirement of 


§ 450.141(a), an operator should define computing system safety items in a way that 


encompasses all of the software functions that work together in a given component. It is 


possible to isolate or partition a computing system safety item from non-safety 


functionality on a single hardware component such that the non-safety functions would 


not be part of the computing system safety item. RCC 319-19, Appendix A, discusses 


partitioning in greater detail.2 An applicant’s list of computing system safety items 


should at least include software that performs common safety-related functions, such as: 


1. Software used to control or monitor safety-related systems. 


2. Software that transmits safety data, including time-critical data and data about 


hazardous conditions. 


3. Software used for fault detection in safety-related computer hardware or software. 


4. Software that responds to the detection of a safety-related fault. 


5. Software used in a flight safety system. 


6. Processor-interrupt software associated with safety-related computer system 


functions. 


7. Software that schedules the execution of safety related functions. 


8. Software that computes safety-related data. 


9. Software that accesses or manages safety-related data. 


10. Software that displays safety data. 


11. Software used for wind weighting. 


6.1.2 Computing system safety items and their effects on public safety should be evident 


from the applicant’s functional hazard analysis, performed in accordance with 


§ 450.107(b), as described in AC 450.107-1. If a system or subsystem hazard analysis 


identifies any software or data as potential hazard sources or hazard controls, then the 


applicant should perform a software hazard analysis, or extend the functional hazard 


analysis, to assess the hazard and the degree of control of any computing system safety 


item over the hazard, in accordance with § 450.141(a). Software hazard analyses 


identify potential software faults and their effects on the computing system and the 


system as a whole, as well as mitigation measures that can be used to reduce the risk. 


                                                 


2 If an operator isolates or partitions non-safety functionality from computing system safety items on a single 


hardware component, then the isolation or partition would become a safety requirement that must be verified by 


testing appropriate for the highest criticality function performed by the hardware component, in accordance with 


§ 450.141(b). 
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Typical software hazard analyses include Software Failure Modes Effects Analysis 


(SFMEA) and Software Fault Tree Analysis (SFTA). Appendix B of this AC and the 


Joint Services Software Safety Committee (JSSSC) Software System Safety Handbook 


provides examples of SFMEA and SFTA. The analytical method and level of detail in 


the analysis should correspond to the complexity of the software and computing system, 


intricacy of the operations, and scope of the program. An applicant’s software hazard 


analyses should consider a range of potential error conditions, as described in Table 1 of 


this AC. Appendix B of this AC provides an example of a classification scheme for 


software and computing system errors that an applicant can use to develop its hazard 


analysis. 


Table 1.1 – Examples of Calculation or Computation Errors 


Error Condition Examples 


Incorrect algorithms The software may perform calculations incorrectly because of 


mistaken requirements or inaccurate coding of requirements. 


Calculation overflow or 


underflow 


The algorithm may result in a divide by zero condition. 


Table 2.2 – Examples of Data Error Conditions 


Error Condition Examples 


Improper data The software may receive out of range or incorrect input data; 


no data because of transducer drop out; wrong data type or 


size, or untimely data; produce incorrect or no output data, or 


both. 


Input data stuck at 


some value 


A sensor or actuator could always read zero, one, or some 


other value. 


Large data rates The software may be unable to handle large amounts of data 


or many user inputs simultaneously. 
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Table 3.3 – Examples of Logic Errors 


Error Condition Examples 


Improper or 


unexpected commands 


The software may receive bad data but continues to run a 


process, thereby doing the right thing under the wrong 


circumstances. 


Failure to issue a 


command 


The software may not invoke a routine. 


Command out of 


sequence 


A module may be executed in the wrong sequence, or a 


system operator may interrupt a process leading to an out of 


sequence command. 


Race 


condition/incorrect 


timing 


Software processes may have timing dependencies, within or 


between processes, which cause unintended data alterations at 


random times. System operators can interrupt processes 


causing a problem in timing sequences, or processes may run 


at the wrong times. 


Table 4.4 – Examples of Interface Errors 


Error Condition Examples 


Incorrect, unclear, or 


missing messaging 


A message may be incorrect, unclear, or missing, leading to 


the system operator making a wrong decision. 


Poor interface design 


and layout 


An unclear graphical user interface can lead to an operator 


making a poor decision. 


Inability to start or exit 


processing safely 


A system operator may be unable to start or stop a test of a 


flight safety system once the automated routines have started. 


Multiple events 


occurring 


simultaneously 


A system operator may provide input in addition to expected 


automated inputs during software processing. 
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Table 5.5 – Examples of Software Development Environment Errors 


Error Condition Examples 


Improper use of tools Turning on the compiler option to optimize or debug the code 


in production software may lead to a software fault. 


Changes in the 


operating system or 


commercial software 


module 


Upgrades to an operating system may lead to a software fault. 


Table 6.6 – Examples of Hardware-Related Errors 


Error Condition Examples 


Unexpected shutdown 


of the computing 


system 


Loss of power to the CPU or a power transient may damage 


circuits. 


Memory overwriting Improper memory management may cause overwriting of 


memory space and unexpected results. 


 


6.2 Assessment of Computing System Criticality. 


6.2.1 Section 450.141(a)(2) requires an applicant to identify the level of criticality of each 


computing system safety item, commensurate with its degree of control over hazards to 


the public and the severity of those hazards. A level of criticality is specified by the 


combination of the severity of hazards associated with a computing system safety item 


and the computing system safety item’s degree of control over those hazards. 


6.2.2 To satisfy § 450.141(a)(2), an applicant should first define the severities of hazard 


consequences of interest for its system, then assign degrees of control to computing 


system safety items using a framework that will enable the FAA to validate the 


appropriate severity and control categorization. An applicant could assess degrees of 


control using any of the following methods: 


1. Assumption of high criticality: An applicant could simplify the assessment of the 


criticality of each computing system safety item by assuming that all computing 


systems have the highest criticality level. 


2. RCC 319-19, Section A.3.1.1, defines software categories for flight safety systems. 


3. MIL-STD-882E, Section 4.4, or GEIA-STD-0010A, Section A.6 defines software 


control categories and a software criticality index. 
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4. NASA-GB-8719.13, Section 3.1.2 defines software control categories and a 


software risk index. 


5. Fault tolerance: an applicant could also use the fault tolerance method described in 


this section to assess system level criticality. 


6.2.3 Consequence Definitions. 


To assess the criticality of computing system safety items, an applicant should first 


define the hazard consequences of interest for its system. Applicants should define 


hazard consequences such that computing system safety items fit in one or more 


consequence categories. An applicant should consider the FAA’s definitions of the 


words “mishap,” “anomaly,” “casualty,” “public,” and “safety critical” in § 401.7 when 


composing its consequence definitions. 


6.2.3.1 Option 1: Public Safety Consequence Categories. 


Guidance document MIL-STD-882E and GEIA-STD-0010A define 


hazard consequence categories (see references [1] and [13] of 


paragraph 3.3 of this AC). Since the severity categories in these standards 


do not explicitly identify public safety consequences, an applicant for a 


Part 450 license must tailor the MIL-STD-882E or GEIA-STD-0010A 


severity tables for public safety to make them consistent with 


§ 450.141(a)(2). This may result in something similar to Table 2, Public 


Safety Severity Categories, with revisions in bold underline.  
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Table 7 – Public Safety Severity Categories 


Description Severity 


Category 


Hazard Consequence 


Catastrophic 1 Could result in one or more of the following: death or 


permanent total disability of a member of the public, 


or irreversible significant environmental impact. 


Critical 2 Could result in one or more of the following: permanent 


partial disability, injuries, or illness that may result in 


hospitalization of a member of the public, or reversible 


significant environmental impact. 


Marginal 3 Could result in one or more of the following: injury or 


occupational illness resulting in one or more lost work 


day(s) to a member of the public, or reversible 


moderate environmental impact. 


Negligible 4 Could result in one or more of the following: injury or 


occupational illness not resulting in a lost workday, or 


minimal environmental impact. 


6.2.3.2 Option 2: Functional Hazard Assessment Hazard Consequence 


Classifications. 


Computing system hazard consequences could also be determined in the 


course of a functional hazard assessment. In a Functional Hazard 


Assessment, such as that required by § 450.107(b) or § 450.109, the 


applicant must assess the effects on the public for all reasonably 


foreseeable hazardous events, and computing system safety assessments 


can use the consequence classifications from the functional hazard 


assessment to classify computing system hazard severity. The reasonably 


foreseeable faults for a computing system are those that an analyst can 


discover through methodical assessment of the system and could depend 


on such factors as the programming language, hardware configuration, and 


any other computing systems that interact with the operator’s computing 


system. The advisory circulars associated with § 450.107(b) and § 450.109 


provide guidance on functional hazard assessment consequence 


classifications.  
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6.2.4 Method of Assigning Levels of Criticality. 


The following are methods that an applicant could use to assess the degree of control of 


a computing system safety item has over a hazard to assign system level criticality. 


6.2.4.1 Option 1: Assumption of High Criticality. 


An applicant could determine analytically the highest criticality computing 


system safety item involved in its operations, and then define a 


development process that develops and tests all computing system safety 


items in a manner sufficient to mitigate the risks presented by its highest 


criticality computing system safety item. By subjecting all software to the 


process controls needed at its highest criticality level, an applicant could 


eliminate the need to characterize the criticality and degree of control of 


each computing system safety item, and FAA would accept that approach 


satisfying the requirement to identify the level of criticality of each 


computing system safety item under § 450.141(a)(2). Applicants could 


find this approach overly conservative. 


6.2.4.2 Option 2: RCC 319-19 Software Categories. 


An applicant could identify each of its computing system safety items as 


safety-critical, support-critical, or non-critical, according to the definitions 


in RCC 319-19, Section A.3.1.1. This method for identification of level of 


criticality and degree of control is appropriate for systems where an FTS is 


the only part of the system that contains computing system safety items 


because RCC 319-19 is an FTS standard. 


6.2.4.3 Option 3: MIL-STD-882E/GEIA-STD-0010A Software Control 


Categories. 


An applicant could identify each of its computing system safety items in 


the appropriate software control category from MIL-STD-882E, 


Section 4.4, or GEIA-STD-0010A, Section A.6 (see references [1] and 


[13] of paragraph 3.3 of this AC). These categories are described in detail 


in Table 3, MIL-STD-882E and GEIA-STD-0010A Software Control 


Categories. 
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Table 8 – MIL-STD-882E and GEIA-STD-0010A Software Control Categories 


Level Name Description 


1 
Autonomous 


(AT) 


Software functionality that exercises autonomous control authority 


over potentially safety-significant hardware systems, subsystems, or 


components without the possibility of predetermined safe detection 


and intervention by a control entity to preclude the occurrence of a 


mishap or hazard. 


(This definition includes complex system/software functionality with 


multiple subsystems, interacting parallel processors, multiple interfaces, 


and safety-critical functions that are time critical.)  


2 
Semi- 


Autonomous 


(SAT) 


Software functionality that exercises control authority over 


potentially safety-significant hardware systems, subsystems, or 


components, allowing time for predetermined safe detection and 


intervention by independent safety mechanisms to mitigate or control 


the mishap or hazard. 


(This definition includes the control of moderately complex system/software 


functionality, no parallel processing, or few interfaces, but other safety 


systems/mechanisms can partially mitigate risks. System and software fault 


detection and annunciation notify the control entity of the need for required 


safety actions.) 


Computing system safety item that displays safety-significant 


information requiring immediate operator entity to execute a 


predetermined action for mitigation or control over a mishap or 


hazard. Software exception, failure, fault, or delay will allow, or fail 


to prevent, mishap occurrence. 


(This definition assumes that the safety-critical display information may be 


time-critical, but the time available does not exceed the time required for 


adequate control entity response and hazard control.)  


3 
Redundant 


Fault 


Tolerant 


(RFT) 


Software functionality that issues commands over safety-significant 


hardware systems, subsystems, or components requiring a control 


entity to complete the command function. The system detection and 


functional reaction includes redundant, independent fault tolerant 


mechanisms for each defined hazardous condition. 


(This definition assumes that there is adequate fault detection, 


annunciation, tolerance, and system recovery to prevent the hazard 


occurrence if software fails, malfunctions, or degrades. There are 


redundant sources of safety-significant information, and mitigating 


functionality can respond within any time-critical period.) 


Software that generates information of a safety-critical nature used to 


make critical decisions. The system includes several redundant, 


independent fault tolerant mechanisms for each hazardous condition, 


detection, and display.  
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Level Name Description 


4 
Influential Software generates information of a safety-related nature used to 


make decisions by the operator, but does not require operator action 


to avoid a mishap. 


5 
No Safety 


Impact 


(NSI) 


Software functionality that does not possess command or control 


authority over safety-significant hardware systems, subsystems, or 


components that does not provide safety-significant information. 


Software does not provide safety-significant or time sensitive data or 


information that requires control entity interaction. Software does not 


transport or resolve communication of safety-significant or time 


sensitive data. 


6.2.4.4 Option 4: NASA-GB-8719.13 Software Control Categories. 


An applicant could categorize each of its computing system safety items 


using the software control categories from NASA-GB-8719.13, 


Section 3.1.2.1 (see reference 10 of paragraph 3.3 of this AC). These 


categories are described in detail in Table 4, NASA-GB-8719.13 Software 


Control Categories. 
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Table 9 – NASA-GB-8719.13 Software Control Categories 


Software Control 


Categories 


Descriptions 


IA 


 


Partial or total autonomous control of safety-critical functions by 


software. 


Complex system with multiple subsystems, interacting parallel 


processors, or multiple interfaces. 


Some or all safety-critical functions are time critical. 


IIA & IIB* 


 


Control of hazard but other safety systems can partially mitigate. 


Detects hazards, notifies human operator of need for safety actions. 


Moderately complex with few subsystems and/or a few interfaces, 


no parallel processing. 


Some hazard control actions may be time critical but do not exceed 


time needed for adequate human operator or automated system 


response. 


IIIA & III B* 
* A = software control of 


hazard. B = Software 


generates safety data for 


human operator 


 


 


Several mitigating systems prevent hazard if software 


malfunctions. 


Redundant sources of safety-critical information. 


Somewhat complex system, limited number of interfaces. 


Mitigating systems can respond within any time critical period. 


IV 


 


No control over hazardous hardware. 


No safety-critical data generated for a human operator. 


Simple system with only 2-3 subsystems, limited number of 


interfaces. 


Not time-critical. 
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6.2.4.5 Option 5: Fault Tolerance. 


An applicant could perform a detailed analysis to specify the system’s 


tolerance to faults in computing system safety items. The system’s 


tolerance to software faults should be the basis for degree of control 


assessments at the following levels, with additional levels as appropriate: 


1. Zero fault tolerant – a single fault in the computing system safety item 


could result in an adverse consequence. 


2. Single fault tolerant – a fault in the computing system safety item 


requires a second, independent fault in order to result in an adverse 


consequence. 


3. Dual fault tolerant – a fault in the computing system safety item 


requires two or more independent faults in order to result in an adverse 


consequence. 


4. Critical informational – a fault in the computing system safety item 


results in erroneous information that the operator could not readily 


perceive as erroneous, which can cause an operator to take actions that 


result in an adverse consequence. 


5. Informational – a fault in the computing system safety item results in 


evidently erroneous information that, if not detected, could cause an 


operator to take actions that result in an adverse consequence. 


6. Non-safety – a fault in the computing system safety item has no 


potential to result in an adverse consequence. 


6.2.4.5.1 A fault tolerance analysis should first identify the conditions under which 


each level of fault tolerance is acceptable for the proposed operation. For 


example, fault tolerance acceptability criteria might include “hazards that 


are catastrophic must be dual fault tolerant to computing system faults,” or 


“hazards that are critical must be single fault tolerant.” The FAA would 


evaluate any such conditions as part of the license evaluation. The analysis 


should identify each computing system safety item and document its fault 


tolerance, then describe the measures in place to limit risk, linked to tests 


and analyses that demonstrate their adequacy.  


6.2.4.5.2 These categories are not arranged in a hierarchical order; instead, each 


category represents a degree of control that a computing system safety 


item could exert on the system through nominal or faulty operation. For 


example, a computing system safety item that can cause an adverse 


outcome with a single fault, and for which no other system could credibly 


prevent an adverse outcome as a result of that fault, is zero fault tolerant. 


A computing system safety item that can cause an adverse outcome with a 


single fault, but that requires a hardware component to fail or a human to 


make a mistake in order for the software fault to cause an adverse 


outcome, may be one fault tolerant if the software fault is independent of 


the second fault. A computing system safety item that could misinform a 
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system operator in a way that the operator could independently and 


credibly detect and correct would be informational. A computing system 


safety item that could misinform a system operator in a way that the 


operator could not independently detect or correct would be critical 


informational. 


7 SAFETY REQUIREMENTS. 


7.1 Identification of Safety Requirements. 


7.1.1 In accordance with § 450.141(b)(1), applicants are required to develop safety 


requirements for each computing system safety item identified under § 450.141(a). 


Safety requirements specify the implementation of public safety-related functions, 


capabilities, or attributes in a computing system safety item. Safety requirements are not 


necessarily obvious, which makes their methodical and explicit identification an 


important step in understanding a system. In general, an increase in either the severity 


of hazards, or the computing system’s degree of control over those hazards, will 


increase the level of rigor applied to that computing system to protect the public. The 


requirements in § 450.141 are based on this relationship between a computing system’s 


potential consequences, its degree of control in the causal chain for those consequences, 


and the rigor applied to development and testing. Software requirements and safety 


requirements are frequently inherited or derived from system requirements. In addition 


to the examples listed in Appendix A of this AC, common safety requirements for 


computing system safety items might include: 


 Shall use metric units. 


 Shall compute vacuum instantaneous impact point. 


 Shall contain a boundary polygon that ensures that the consequence of any 


reasonably foreseeable failure mode, in any significant period of flight, is no greater 


than 1 × 10-3 conditional expected casualties. 


 Shall compare vacuum instantaneous impact point to boundary polygon. 


 Shall not use flight safety system memory or CPU. 


 Shall accept and execute “abort” command from ground control at any time. 


7.1.2 Deficient requirements are the largest single factor in software and computing system 


project failure, and deficient requirements have led to a number of software-related 


aerospace failures and accidents, some of which are described in Appendices C and D. 


Faults in requirements can originate from the adoption of requirements that are 


incomplete, unnecessary, contradictory, unclear, unverifiable, untraceable, incorrect, in 


conflict with system performance requirements, otherwise poorly written, or 


undocumented. It is important that operators properly identify and document safety 


requirements, and per industry standards, ensure that safety requirements are internally 


consistent and valid at the system level for the resulting computing system to work 


safely. Applicants should implement a process for managing safety requirements 
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throughout the lifecycle. IEEE 1012-2016 with Corrigendum 1-2017 (see reference [4] 


of paragraph 3.3 of this AC) provides examples of approaches that can assist in 


managing requirements. The IEEE 1228-1994 (reference [5]) and NASA GB 8719.13 


(reference [10]) also provide methods for managing and analyzing safety requirements. 


7.2 Ensuring Safety Requirements are Complete and Correct. 


Section 450.141(b)(2) requires that the applicant ensure that safety requirements are 


complete and correct. The applicant may use standards, such as NASA-STD-8739.9 


(see reference [9] of paragraph 3.3 of this AC) or similar formal inspection standards 


for software, to meet this requirement. 


7.2.1 Ensuring Safety Requirements are Complete. 


A complete set of safety requirements for a given computing system safety item is the 


set of requirements that includes all functionality and attributes associated with public 


safety. To ensure complete safety requirements, an applicant should have a robust 


interface between system safety and software safety, robust software documentation, 


and a process to close any gaps in requirements identified by testing or operation of the 


system. 


7.2.2 Ensuring Safety Requirements are Correct. 


A set of safety requirements is correct if it specifies exactly and only the functions and 


attributes intended by the applicant, and when that intention aligns with the 


requirements for a safe mission. To ensure correct safety requirements, an applicant 


should have processes for identifying and reviewing safety requirements at the system 


level and at the software level with coordination between levels, independent validation 


of safety requirements for safety-critical computing system safety items, and a process 


to close any gaps in requirements identified by testing or operation of the system. 


Reviews of safety requirements need not be single events but can be accomplished 


progressively as individual computing system safety items mature. 


7.3 Implementation and Verification of Safety Requirements. 


Section 450.141(b)(3) requires the applicant to implement each safety requirement. 


There need not be a separate implementation process for safety requirements; the 


applicant’s normal process for implementing software requirements is sufficient. This 


step is required as a bridge between §§ 450.141(b)(2) and 450.141(b)(4), and records 


produced during this step are important for meeting § 450.141(d)(5). 


7.3.1 Independent Validation and Verification. 


Applicants are required to validate and verify the implementation of each safety 


requirement by using a method appropriate for the level of criticality of the computing 


system safety item, in accordance with § 450.141(b)(4). This regulation requires that 


when testing a safety-critical computing system safety item, its validation and 


verification must include testing by a test team independent of the software 


development division or organization. This validation and verification should take place 


within the development cycle and contribute iterative findings to the design of the 


computing system safety item. 
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7.3.2 Choosing Appropriate Validation and Verification Methods. 


Validation and verification methods should be proportional to the level of criticality of 


the computing system safety item, meaning the method should produce a degree of 


certainty that leaves little risk of fault in the computing system safety item. One 


acceptable method of implementing validation and verification in proportion to 


criticality is provided by MIL-STD-882E (see reference [1] of paragraph 3.3 of this 


AC), in its discussion of “level of rigor tasks.” Acceptable methods of verification 


include analyses, formal inspections, and testing. In most cases, testing is the preferred 


verification approach. These methods are often used in combination, depending on the 


feasibility of the method and the maturity of the vehicle and operations. 


8 DEVELOPMENT PROCESS. 


8.1 Development Process Rigor. 


Once the applicant has determined the safety requirements needed for each computing 


system safety item based on the level of criticality of each item, the applicant can assign 


the appropriate development tasks to its computing system safety items. 


Section 450.141(c) requires an applicant to implement and document a development 


process for computing system safety items that is appropriate for the level of criticality 


of each computing system safety item. The FAA defines the performance objectives for 


software development tasks in § 450.141(c) but relies on the applicant to design the 


tasks that fit its development process while achieving the performance objectives. The 


tasks required to demonstrate the necessary rigor for a computing system safety item’s 


criticality should be assigned at the item level. The required tasks should be based on 


the highest criticality function of a computing system safety item and assigned through 


the software development process required by § 450.141(c). 


8.2 Development Process Requirements. 


8.2.1 Responsibility Assignments. 


An applicant must define development responsibilities for each task associated with a 


computing system safety item, in accordance with § 450.141(c)(1). Applicants may 


achieve this requirement in a wide variety of ways, including documentation of the 


engineers responsible for computing system safety items, logging of approvals for 


changes to requirements and software, and definition of software build or release 


processes. An applicant has met this requirement when the applicant can determine who 


conducted and approved each step in the development of a computing system safety 


item retrospectively. 
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8.2.2 Review and Approval Processes. 


In accordance with § 450.141(c)(2), an applicant must define processes for internal 


review and approval, including reviews that evaluate the implementation of all safety 


requirements, such that no person approves that person’s own work. This requirement is 


related to § 450.141(c)(1) because responsibility assignments need to be known in order 


to determine whether each review was conducted with the appropriate degree of 


independence. At a minimum, to meet that requirement, reviews and approvals should 


include reviews of safety requirements and approvals for their implementation, and 


reviews and approvals of validation and verification evidence. 


8.2.3 Training. 


Development personnel are required to be trained, qualified, and capable of performing 


their role, in accordance with § 450.141(c)(3). This training should include learning and 


practicing operations and procedures that protect the public, including operations and 


procedures for computing system safety item development. Training can be included as 


a risk mitigation measure in hazard analyses, as it limits the potential for a range of 


errors in computing system safety item development. The applicant should develop 


plans that describe its training process. This training should include, but is not limited 


to: training for development tools, development methods, installation and testing, 


hazard analysis approaches, computing system use, and software maintenance. Since 


training needs and methods are specific to each applicant, FAA’s application evaluation 


will verify that an applicant’s training process meets the performance objectives in this 


regulation. In its application review, the FAA does not intend to verify the 


qualifications of individual development personnel, but rather to verify that the operator 


has a process in place to put appropriately trained and experienced personnel in public 


safety roles. 


8.2.4 Traceability. 


An applicant must define processes that trace requirements to validation and 


verification evidence, in accordance with § 450.141(c)(4). This traceability enables the 


applicant to demonstrate that its validation and verification of each safety requirement is 


sufficient. An applicant should connect the computing system requirements to the 


analytical and test evidence that demonstrates their implementation in a manner suited 


to its development process. The connections should be verifiable and human-readable, 


and the connections for safety requirements should be included in the application 


materials. FAA does not prescribe the technical methods for making these traceability 


connections but will evaluate the selected method for possibilities of error. 
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8.2.5 Configuration Management. 


An applicant must define processes for configuration management that specify the 


content of each released version of a computing system safety item, in accordance with 


§ 450.141(c)(5). The applicant must also comply with § 450.103(c) in its configuration 


management approach.3 This is the minimum performance requirement for 


configuration management, but an applicant may need to use other aspects of 


configuration management (e.g., hardware supply chain requirements or administrative 


procedures) to achieve the performance requirement. The development process should 


produce a record of each version of its resultant software or data and each hardware 


component on which each software or data component is installed. The applicant should 


retain a record of the system configuration for each computing system safety item in 


order to demonstrate compliance with the regulatory requirements. Changes to the 


computing system, especially on safety-critical systems, can have significant impacts on 


public safety. This configuration management and control process should be in force 


during the entire life cycle of the program, from initiation of development through 


retirement, and should include control of project documentation, source code, object 


code, data, development tools, test tools, environments (both hardware and software), 


and test cases. Configuration management processes should be ready when each 


component reaches an initial baseline configuration and should be applied from that 


point forward. More information on configuration management can be found in 


paragraph A.Error! Reference source not found. of this AC. As required by §


 450.141(c)(5), the applicant must implement a process for configuration management 


that specifies the content of each released version of a computing system safety item. At 


a minimum, the process should: 


 Identify components, subsystems, and systems; 


 Establish baselines and traceability; and 


 Track changes to the software configuration and system documentation. 


8.2.6 Validation and Verification. 


Safety analyses generate top- and design-level safety requirements that the applicant 


uses to meet its system safety goals. These requirements typically result from 


implementation of mitigation measures, or operational controls to reduce risk. Other 


sources of safety requirements may include operating practices, standard industry 


practices, lessons learned, and regulations. Those of the system’s safety requirements 


that apply to computing systems will need validation and verification consistent with 


§ 450.141. Regardless of the source, effective management of the complete set of safety 


requirements is an essential component of system safety engineering, and safety 


requirements validation and verification depends on the integrity of the set of safety 


requirements. 


                                                 


3 Section 450.103 sets forth the requirements for implementing and documenting a system safety program 


throughout the lifecycle of a launch or reentry system. This system safety program includes configuration 


management and control requirements under § 450.103(c).  
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8.2.6.1 Testing. 


In accordance with § 450.141(c)(6), applicants are required to define 


processes for testing that validation and verify all safety requirements to 


the extent required by § 450.141(b)(4). Testing should verify the correct 


functionality of a computing system safety item and validate its 


performance in the system. Tests should check the implementation of 


safety requirements. To demonstrate that an applicant sufficiently tested 


its computing systems based on their criticality, an applicant must trace its 


validation and verification evidence to the requirements, as required by 


§ 450.141(c)(4). Applicants should describe the components of its testing 


process, such as the test plan, test cases, test logs, and the procedures for 


testing computing systems in representative environments. Validation and 


verification testing in appropriately representative environments may 


include tests performed on flight-like hardware, Monte Carlo simulations, 


branch and boundary tests, mathematical validation, fault injection testing, 


or other methods appropriate for the criticality of the computing system 


safety item. The degree of testing required by § 450.141(c)(6) will depend 


on the complexity of the system—that is, the nature of the computing 


system safety items and their criticality, as identified in § 450.141(b)(4). 


Computing system testing is conducted as part of a larger system and 


vehicle verification program. The system’s responses to computing system 


safety item faults should be tested whenever the system is part of the 


mitigation strategy for a fault or failure of a computing system safety item. 


8.2.6.2 Test Plan. 


A computing system testing process begins with a test plan that 


demonstrates how the results of testing will be used to validate and verify 


all safety requirements. An applicant should develop its test plan before 


verification testing begins. A plan normally prescribes the scope, 


approach, resources, and schedule of the testing activities. The applicant’s 


plan should include a description of the test environments, including 


software tools and hardware test equipment. Tests may include, but are not 


limited to those contained in Table 5, Testing Types, of this AC. 
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Table 10 – Testing Types 


Test Comments 


Unit Demonstrates correct functioning of critical software elements. 


Interface 
Shows that critical computer software units execute together as 


specified. 


System 
Demonstrates the performance of the software within the overall 


system throughout the planned mission duration. 


Stress 


Confirms the software will not cause hazards under abnormal 


circumstances, such as unexpected input values, overload conditions, 


or off-nominal mission timelines. 


Regression 
Demonstrates changes made to the software did not introduce 


conditions for new hazards. 


8.2.6.3 Test Cases. 


The applicant should also define specific test cases with pass and fail 


criteria. Test cases describe the inputs, predicted results, test conditions, 


and procedures for conducting the test. The applicant should design test 


cases to ensure that all safety requirements are covered. These test cases 


should include scenarios that demonstrate the ability of the software to 


respond to both nominal and off-nominal inputs and conditions. 


Off-nominal and failure test scenarios often come from the hazard 


analysis. 


8.2.6.4 Test Log. 


The applicant should record the results of the tests; this is often done in a 


test log. Anomalies discovered during testing should also be recorded. 


ISO/IEC/IEEE 29119-3:2013 provides additional information on test 


documentation. The recorded test results need to include the version of the 


software that was tested. See reference [2] of paragraph 3.3 of this AC. 


8.2.6.5 Verification Tests. 


Testing traditionally has been relied on to verify that computing system 


requirements have been met and have been implemented correctly. There 


are several types of tests available, shown in Table 6, and verification 


testing is normally a combination of many or all types. The applicant 


should use a combination of verification approaches that are appropriate 


for its software system (analysis, inspection, and test), including testing to 


the extent practicable. The applicant should also use proven methods to 


verify the software requirements, which include, but are not limited, to the 


verification tests listed in Table 6 of this AC. 
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Table 11 – Verification Tests 


Test Comments 


Equivalence 


partitioning 


Identifying valid and invalid classes of input conditions. If, for 


example, an input field calls for values between 1 and 10, 


inclusive, then a valid equivalence class would be all values 


between and including 1 and 10. Invalid equivalent classes 


would be values less than 1 and values greater than 10. 


Boundary value Testing at the extremes of an input condition, values close to 


those extremes, and crossing those boundaries. If, for example, 


an input field calls for values between 0 and 100 with a 


precision of 0.01, then test inputs could include 0, 100, -0.01, 


100.01, 0.01, and 99.99. Test inputs that exceed the implicit 


boundaries of allocated memory, such as 129 or -128 for an 


8-bit signed integer, should also be included. 


Error guessing Using empty or null lists and strings, negative numbers, null 


characters in a string, and incorrect entry types. 


Statement 


coverage 


Ensuring that each instruction is executed at least once and 


instruction execution produces the expected response. 


Decision coverage Ensuring that each decision takes on all possible outcomes at 


least once. For example, assuring that all “if” and “while” 


statements are evaluated to both true and false. 


Function 


coverage 


Determining whether each function or procedure was invoked. 


Call coverage Verifying that each function call has been completed at least 


once and produced the expected results. 


8.2.7 Previously Developed Software and Computing Systems. 


As required by § 450.141(c)(7), an applicant must validate and verify the safety 


requirements for reused computing system safety items. In addition, an applicant must 


validate and verify the safety requirements for third-party products, as required by 


§ 450.141(c)(8). Using previously developed computing system safety items can reduce 


development time, because those components have already undergone design and 


testing. However, analysis of accidents where software was a contributing factor shows 


the risks in this approach. Previously-developed computing system safety items include 


commercial off-the-shelf (COTS) software, government off-the-shelf (GOTS) software, 


and “reused” software. Although another vendor may have developed the software or 


product, reducing the risks of using third-party products remains the responsibility of 


the applicant. These risk reduction efforts should include evaluating the differences 
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between the computing system safety item’s role in the new system and its use in the 


previous system, including assessment of any identified issues found during use in the 


previous system and implementation of all preconditions for its use in the new system. 


For third-party computing system safety items, risk reduction efforts should include 


verification of compliance with the developer’s specified uses for third-party products 


and verification of safety requirements for its use in the system. 


8.3 Development Process Considerations. 


The rest of this chapter outlines considerations that may guide applicants in formulating 


development processes that satisfy § 450.141(c) and, more generally, the performance-


based requirements of § 450.141. 


8.3.1 Analysis. 


Analyses to verify that the software requirements are implemented correctly could 


include the components described in Table 7 of this AC. Additional information about 


software analysis methods is available in IEEE 1228-1994 and the Joint Services 


Software Safety Committee (JSSSC) Software System Safety Handbook. See references 


[5] and [7] of paragraph 3.3 of this AC. 
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Table 12 – Software Implementation Analysis 


Analysis Comments 


Logic Evaluates the sequence of operations represented by the coded 


program and detects programming errors that might create 


hazards. 


Data Evaluates the data structure and usage in the code to ensure each 


is defined and used properly by the program. Analysis of the data 


items used by the program is usually performed in conjunction 


with logic analysis. 


Interface Ensures compatibility of program modules with each other and 


with external hardware and software. 


Constraint Ensures that the program operates within the constraints imposed 


upon it by requirements, design, and target computer. Constraint 


analysis is designed to identify these limitations, ensure that the 


program operates within them, and make sure that all interfaces 


have been considered for out-of-sequence and erroneous inputs. 


Programming style Ensures that all portions of the program follow approved 


programming guidelines. 


Non-critical code Examines portions of the code that are not considered 


safety-critical code to ensure that they do not cause hazards. As a 


general rule, safety-critical code could be isolated from 


non-safety-critical code. The intent of this analysis is to prove that 


this isolation is complete and that interfaces between safety-


critical code and non-safety-critical code do not create hazards. 


Timing and sizing Evaluates safety implications of safety-critical requirements that 


relate to execution time, clock time, and memory allocation. 


8.3.2 Development Standards. 


The applicant may identify development standards that define the rules and constraints 


for the development process in accordance with § 450.141(c). The use of development 


standards can enable uniformly designed and implemented computing system safety 


items. They can prevent the use of methods that are incompatible with safety 


requirements. Referencing a standard may produce a compelling rationale for the 


acceptance of a development process. RCC 319-19 defines a development standard that 


is sufficient for a flight safety system. An applicant can meet § 450.141(c) by 


demonstrating compliance with RCC 319-19. See reference [12] of paragraph 3.3 of this 


AC. Regardless of the standard or its use in the proposed operation, the application 


could establish an understanding of the parts of each standard that has been adopted by 
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the applicant, how each part of each standard is used in the proposed development and 


operation, and how each part of each standard supports public safety. Development 


standards include requirements, design, coding, and safety standards, as follows: 


 Requirements standards may include methods for developing requirements and a 


description of how the requirements flow down to coding. 


 Design standards may include restrictions on the use of scheduling and 


interrupts, specification of usable code libraries, or rules for conditional 


branches to reduce complexity. 


 Coding standards may include specifications for the programming language; 


naming conventions for modules, variables, and constants; and constraints on 


the use of tools. 


 Safety standards may include approaches for analyzing risk and classifying 


hazards, such as MIL-STD-882 or GEIA-STD-0010A. See references [1] and 


[13] of paragraph 3.3 of this AC. 


8.3.3 Quality Assurance. 


Quality assurance may support the achievement of the performance objectives in 


§ 450.141. Quality assurance verifies that the objectives and requirements of the 


software system safety program are satisfied and confirms that deficiencies are detected, 


evaluated, tracked, and resolved. An acceptable quality assurance function should 


include audits and inspections of elements and processes, such as plans, standards, and 


problem tracking and configuration management systems. In addition, the quality 


assurance function could evaluate the validity of system safety data. NASA Software 


Assurance and Software Safety Standard (NASA-STD-8739.8), and NASA Software 


Engineering and Assurance Handbook (NASA-HDBK-2203) provide examples of 


acceptable software quality assurance methods. See references [8] and [11] of paragraph 


3.3 of this AC. 


8.3.4 Formal Inspections. 


Formal inspections are well thought out technical reviews that provide a structured way 


to find and eliminate defects in documentation products, ranging from a requirements 


document to the actual source code. These inspections differ from informal reviews or 


walkthroughs since there are specified steps to be taken and roles assigned to individual 


reviewers. As required by § 450.141(c)(2), a process must be defined for internal review 


and approval such that no person approves their own work. Further information 


regarding formal inspections can be found in NASA-STD-8739.9, Software Formal 


Inspections Standard. See reference [9] of paragraph 3.3 of this AC. 
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8.3.5 Anomaly Reports. 


To help prevent recurrence of computing system safety-related anomalies, the applicant 


could develop a standardized process to document anomalies, analyze the root cause, 


and determine corrective actions. Software anomaly reports (also known as problem 


reports) are a means to identify and record: 


 Computing system anomalous behavior and its resolution, including failure to 


respond properly to nominal and off-nominal conditions. 


 Development process non-compliance with software, requirements, plans, and 


standards, including improperly implemented safety measures. 


 Deficiencies in documentation and safety data, including invalid requirements. 


8.3.6 Maintenance and Repair of Computing System Hardware. 


While software does not wear out, maintenance engineering ensures that systems and 


subsystems will remain at the design safety level by minimizing computing system 


hardware wear-out failures through replacement of failed items and surveillance for 


possible degradation due to environments. Maintenance engineering personnel also 


participate in analyzing the safety implications of proposed maintenance procedures on 


the ground and in flight. Therefore, the applicant could perform activities to aid 


maintenance and repair of computing system hardware. 


8.3.7 Maintenance of Computing System Software. 


Software maintenance differs from hardware maintenance because software does not 


wear out or degrade in the same way that hardware does. However, software 


maintenance corrects defects; adds or removes features and capabilities; compensates 


for or adapts to hardware changes, wear-out, or failure; and accommodates changes in 


other computing system safety items or system components. Changes to both the 


hardware and software after deployment can produce computing system anomalies. An 


applicant could identify a process for verifying the integrity of the safety-critical 


software and computing systems after deployment. Examples of such verification 


methods include the use of checksums and parity bit checks to ensure proper data 


transfer, built-in or external measures for evaluating the software and its data, 


inspections to detect unauthorized modification of the software or its data, and 


regression testing. 


8.3.8 Building Maintainable Software. 


Because software changes can be expected over the lifecycle of the product, an 


applicant could build maintainable software to facilitate those changes and reduce the 


likelihood of introducing new hazards. NASA-GB-8719.13 provides additional 


information on software maintainability. See reference [10] of paragraph 3.3 of this AC. 


Considerations for building maintainable software include: 


 Planning early for expected changes. 


 Using strong configuration management practices. 
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 Using modular design, where appropriate, to minimize the overall impact of 


changes. 


 Implementing naming conventions for variables to improve code readability. 


 Using comment and style coding standards to improve code readability. 


 Implementing documentation standards to make important information easy to 


find. 


 Using a standardized set of development tools to reduce the chance of 


introducing errors in code changes. 


 Assuring that design and verification documentation, such as regression tests 


and test cases, are updated and maintained. 
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9 APPLICATION MATERIALS. 


This chapter provides guidance on satisfying the application requirements set forth in 


§ 450.141(d). In accordance with § 450.141(d), an application must include: 


 Descriptions of all computing system safety items involved in the proposed 


operations; 


 All safety requirements for each computing system safety item; 


 Documentation of the software development process that meets § 450.141(c); 


 Evidence of the execution of appropriate development processes for each 


computing system safety item; and 


 Evidence of the implementation of each safety requirement. 


9.1 Computing System Safety Items. 


An applicant must identify and describe all computing system safety items involved in 


its proposed operation, in accordance with § 450.141(d)(1). These descriptions should 


include the severity of hazards associated with each computing system safety item and 


the computing system safety item’s level of criticality regarding each hazard. The 


descriptions of computing system safety items and their criticality allow the applicant to 


know, and the FAA to verify, how each computing system safety item influences public 


safety when combined with the other requirements in § 450.141. 


9.2 Safety Requirements. 


An applicant must identify the safety requirements for each computing system safety 


item, in accordance with § 450.141(d)(2). Although § 450.141(d)(2) only requires 


applicants to identify safety requirements, an applicant may, and is encouraged to, 


submit all computing system requirements for its computing system safety items in 


order to effectively convey the software’s intended functionality to the FAA. State 


diagrams, user manuals, flow charts, and other documents are helpful to communicate 


computing system requirements. 


9.3 Development Process. 


Section § 450.141(d)(3) requires applicants to submit documentation of the 


development process that meets § 450.141(c), including the minimum attributes 


required by the regulation. Similarly, § 450.141(d)(4) requires an applicant to provide 


evidence of the execution of the appropriate development process for each computing 


system safety item. An applicant must demonstrate its development process for each 


computing system safety item in accordance with § 450.141(d)(3), and each 


development process must meet § 450.141(c). If a development process contains more 


than one distinct set of development process requirements, such as a set of development 


requirements for applicant-developed computing system safety items and another set for 


third-party products, then the applicant should specify which set was executed for each 


computing system safety item. The documentation required of an applicant to meet 


these requirements will vary among applications, depending on the complexity of the 


computing system safety item, but will generally include some combination of audit 
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results, milestone results, and outputs of automated code checking tools. Substantive 


guidance on demonstrating compliance with § 450.141(c) is provided in paragraph 8.2 


of this AC. A software hazard analysis is often needed to ensure that test cases address 


all necessary nominal and off-nominal conditions, and it expands in scope throughout 


the development process. Although the test cases trace to requirements, the hazard 


analysis validates the content of the tests. 


9.4 Providing Evidence of the Implementation of Each Safety Requirement. 


Section 450.141(d)(5) requires the submission of evidence of the implementation of 


each safety requirement. An applicant should submit the combination of test 


descriptions, test plans, test outputs, and analyses that verifies that each computing 


system safety item meets each applicable safety requirement. Applicants that plan 


repeated missions with identical computing system safety items may define a standard 


set of test reports. 


9.5 Examples of Lessons Learned from Previous Space Vehicle Failures. 


Appendices C and D of this AC provide examples of lessons learned from previous 


system failures in which software and its associated computing system hardware have 


played a significant role. The information provided in these appendices is intended to 


provide an understanding of the types of failures that have been observed in software 


and computing systems and provide lessons learned for the design of future systems. 


 







08/16/2021  AC 450.141-1A 


  Appendix A 


 


  


35 


APPENDIX A. GENERIC COMPUTING SYSTEM SAFETY REQUIREMENTS. 


This appendix provides generic computing system safety requirements that an 


applicant may use in the design and development of software and computing 


systems. These generic design requirements represent best practices used in the 


aerospace community, and are offered here as examples of safety requirements 


for any application under § 450.141. Additional information and sample 


requirements can be found in the following references: 


 FAA System Safety Handbook (2002) 


 Joint Services Software Safety Committee Software System Safety Handbook 


(1999) 


 NASA Software Safety Guidebook (2004) 


 Range Safety User Requirements Manual: Air Force Space Command Range 


Safety Policies and Procedures (2004) 


 Sample General Computing System Requirements.4 


A.1.1 Computer systems should be validated for operation in the intended use and 


environment. Such validation should include testing under operational 


conditions and environments. 


A.1.2 Under maximum system loads, CPU throughput should not exceed 80 percent of 


its design value. 


A.1.3 Computer system architecture should be single fault tolerant. No single software 


fault or output should initiate a hazardous operation, cause a critical accident, or 


cause a catastrophic accident. 


A.1.4 Safety-critical computer system flight architecture that will be exposed to 


cosmic radiation should protect against CPU single event upset and other single 


event effects. A single event upset occurs when an energetic particle travels 


through a transistor substrate and causes electrical signals within a component. 


A.1.5 Sensitive components of computer systems should be protected against the 


harmful effects of electromagnetic radiation, electrostatic discharges, or both. 


A.1.6 The computer system should verify periodically that safety-critical computer 


hardware and software safety-critical functions, including safety data 


transmission, operate correctly. 


                                                 


4 The requirements in this appendix are computing system design requirements as opposed to regulatory 


requirements. 
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A.1.7 The computer system should verify periodically the validity of real-time 


software safety data, where applicable. 


A.1.8 Software should process the necessary commands within the time-to-criticality 


of a hazardous event. 


A.1.9 Memory allocation should occur only at initialization. 


A.1.10 If the system begins to use areas of memory that are not part of the valid 


program code, the system should revert to a safe state. 


A.1.11 Memory partitions, such as RAM, should be cleared before loading software. 


A.1.12 Prerequisite conditions for the safe execution of an identified hazardous 


command should exist before starting the command. Examples of these 


conditions include correct mode, correct configuration, component availability, 


proper sequence, and parameters in range. If prerequisite conditions have not 


been met, the software should reject the command and alert the crew, ground 


operators, or controlling executive. 


A.1.13 Provisions to protect the accessibility of memory region instructions, data 


dedicated to critical software functions, or both, should exist. 


A.1.14 Software should provide proper sequencing, including timing, of safety-critical 


commands. 


A.1.15 Where practical, software safety-critical functions should be performed on a 


standalone computer. If that is not practical, software safety-critical functions 


should be isolated to the maximum extent practical from non-critical functions. 


A.1.16 Documentation describing the software and computing system should be 


developed and maintained to facilitate maintenance of the software. 


A.1.17 The software should be annotated, designed, and documented for ease of 


analysis, maintenance, and testing of future changes to the software. 


A.1.18 Interrupt priorities and responses should be specifically defined, documented, 


analyzed, and implemented for safety impact. 


A.1.19 Critical software design and code should be structured to enhance 


comprehension of decision logic. 


A.1.20 Software code should be modular in an effort to reduce logic errors and improve 


logic error detection and correction functions. 


A.1.21 The software should be initiated and terminated in a safe state. 
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A.1.22 Critical hardware controlled by software should be initialized to a known safe 


state. 


A.1.23 NASA Software Engineering Requirements (NPR 7150.2C) requirement 


SWE-134 provides an alternative set of requirements that is helpful in 


determining a full set of software requirements for safety critical applications. 


A.2 Computing System Power. 


A.2.1 Computer systems should be powered up, restarted, and shutdown in a safe 


state. 


A.2.2 A computer system should not enter a hazardous state as a result of an 


intermittent power transient or fluctuation. 


A.2.3 If a single failure of primary power to a computer system or computer system 


component occurs, then that system or some cooperating system should take 


action automatically to transition to a stable state. 


A.2.4 Software used to power up safety-critical systems should power up the required 


systems in a safe state. 


 Anomaly and Failure Detection. 


A.3.1 Single event system failures should be protected against by employing 


mitigating approaches, as appropriate, such as redundancy, error-correcting 


memory, and voting between parallel CPUs. 


A.3.2 Before initiating hazardous operations, computer systems should perform checks 


to ensure that they are in a safe state and functioning properly. Examples include 


checking safety-critical circuits, components, inhibits, interlocks, exception 


limits, safing logic, memory integrity, and program loads. 


A.3.3 Failure of software safety-critical functions should be detected, isolated, and 


recovered from in a manner that prevents catastrophic and critical hazardous 


events from occurring. 


A.3.4 Software should provide error handling to support software safety-critical 


functions. The following hazardous conditions and failures, including those 


from multiple sources, should be detected: 


 Input errors. Data or sequences of data passed to software modules, either by 


human input, other software modules, or environmental sensors, that are 


outside a specified range for safe operation. 


 Output errors. Data output from software modules that are outside a 


specified range for safe operation. 
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 Timing errors. The state when software-timed events do not happen 


according to specification. 


 Data transmission errors. 


 Memory integrity loss. 


 Data rate errors. Greater than allowed safe input data rates. 


 Software exceptions. “Divide by zero” or “file not found.” 


 Message errors. Data transfer messages corrupted or not in the proper 


format. 


 Logic errors. Inadvertent instruction jumps. 


A.3.5 Watchdog timers or similar devices should be used to ensure that the 


microprocessor or computer operates properly. For example, a watchdog timer 


should be used to verify events within an expected time budget or to ensure that 


cyclic processing loops complete within acceptable time constraints. 


A.3.6 Watchdog timers or similar devices should be designed, so the software cannot 


enter an inner loop and reset the timer or similar device as part of that loop 


sequence. 


 Anomaly and Failure Response. 


A.4.1 Software should provide fault containment mechanisms to prevent error 


propagation across replaceable unit interfaces. 


A.4.2 All anomalies, software faults, hardware failures, and configuration 


inconsistencies should be reported to the appropriate system operator, safety 


official, or both, consoles in real time, prioritized as to severity, and logged to an 


audit file. The display should: 


 Distinguish between read and unread anomaly alerts; 


 Support reporting multiple anomalies; 


 Distinguish between anomaly alerts for which corrective action has been 


taken and those that still require attention; and 


 Distinguish between routine and safety-critical alerts. 


A.4.3 Upon detecting anomalies or failures, the software should: 


 Remain in or revert to a safe state; 


 Provide provisions for safing the hardware subsystems under the control of 


the software; 


 Reject erroneous input; and 
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 Ensure the logging of all detected software safety-critical function system 


errors. 


A.4.4 Upon detecting a failure during vehicle processing, the software should maintain 


the Flight Safety System (FSS) in its current state and meet the requirements in 


paragraph A.4.3 of this appendix. The software should maintain the FSS in the 


safe state. After the FSS is readied, the software should retain the FSS in the 


readied state. When the FSS receiver is on internal power, the software should 


maintain the FSS receiver on internal power. During flight, all detected 


FSS-related system errors should be transmitted to the safety official. 


A.4.5 Details of each anomaly should be accessible with a single operator action. 


A.4.6 Automatic recovery actions taken should be reported to the crew, operator, or 


controlling executive. There should be no necessary response from crew or 


ground operators to proceed with the recovery action. 


A.4.7 Override commands should require multiple operator actions. 


A.4.8 Software that executes hazardous commands should notify the initiating crew, 


ground operator, or controlling executive upon execution or provide the reason 


for failure to execute a hazardous command. 


A.4.9 Hazardous processes and safing processes with a time-to-criticality such that 


timely human intervention may not be available should be automated. Such 


processes should not require human intervention to begin, accomplish interim 


tasks, or complete. 


A.4.10 The software should notify the crew, ground operators, or controlling executive 


during or immediately after completing an automated hazardous or safing 


process. 


A.4.11 After correction of erroneous entry, the software should provide positive 


confirmation of a valid data entry. The software should also provide an 


indication that the system is functioning properly. 
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 Maintenance, Inhibits, and Interlocks. 


A.5.1 Systems should include hardware and software interlocks and software 


controllable inhibits, as necessary, to mitigate hazards when performing 


maintenance or testing. 


A.5.2 Interlocks should be designed to prevent an inadvertent override. 


A.5.3 Interlocks that are required to be overridden should not be autonomously 


controlled by a computer system, unless dictated by a timing requirement. 


A.5.4 Interlocks that are required to be overridden and are autonomously controlled by 


a computer system should be designed to prevent an inadvertent override. 


A.5.5 The status of all interlocks should be displayed on the appropriate operator 


consoles. 


A.5.6 An interlock should not be left in an overridden state once the system is restored 


to operational use. 


A.5.7 A positive indication of interlock restoration should be provided and verified on 


the appropriate operator consoles before restoring a system to its operational 


state. 


A.5.8 Software should make available status of all software controllable inhibits to the 


crew, ground operators, or controlling executive. 


A.5.9 Software should accept and process crew, ground operator, or controlling 


executive commands to activate and deactivate software controllable inhibits. 


A.5.10 Software should provide an independent and unique command to control each 


software controllable inhibit. 


A.5.11 Software should incorporate the ability to identify and display the status of each 


software inhibit associated with hazardous commands. 


A.5.12 Software should make available the current status on software inhibits 


associated with hazardous commands to the crew, ground operators, or 


controlling executive. 


A.5.13 All software inhibits associated with a hazardous command should have a 


unique identifier. 


A.5.14 If an automated sequence is already running when a software inhibit associated 


with a hazardous command is executed, the sequence should complete before 


the software inhibit is started. 
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A.5.15 Software should have the ability to resume control of an inhibited operation after 


deactivation of a software inhibit associated with a hazardous command. 


A.5.16 The state of software inhibits should remain unchanged after the execution of an 


override. 


 Human-Computer Interface. 


A.6.1 The system should be designed such that the operator may exit current 


processing to a known stable state with a single action and have the system 


revert to a safe state. 


A.6.2 Computer systems should minimize the potential for inadvertent actuation of 


hazardous operations. 


A.6.3 Only one operator at a time should control safety-critical computer system 


functions. 


A.6.4 Operator-initiated hazardous functions should require two or more independent 


operator actions. 


A.6.5 Software should provide confirmation to the operator of valid command entries, 


data entries, or both. 


A.6.6 Software should provide feedback to the operator that indicates command 


receipt and status of the operation commanded. 


A.6.7 Software should provide the operator with real-time status reports of operations 


and system elements. 


A.6.8 Error messages should distinguish safety-critical states and errors from non-


safety-critical states and errors. 


A.6.9 Error messages should be unambiguous. 


A.6.10 Unique error messages should exist for each type of error. 


A.6.11 The system should ensure that a single failure or error cannot prevent the 


operator from taking safing actions. 


A.6.12 The system should provide feedback for any software safety-critical function 


actions not initiated. 


A.6.13 Safety-critical commands that require several seconds or longer to process 


should provide a status indicator to the operator indicating that processing is 


occurring. 
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A.6.14 Safety-critical operator displays and interface functions should be concise and 


unambiguous. Where possible, such displays should be duplicated using 


separate display devices. 


 Computing System Environment-Software Interface. 


A.7.1 The developer should identify the situations in which the application can corrupt 


the underlying computing environment. 


A.7.2 The developer should check for system data integrity at startup. 


A.7.3 The system should provide for self-checking of the programs and computing 


system execution. 


A.7.4 Periodic checks of memory, instruction, and data busses should be performed. 


A.7.5 Parity checks, checksums, or other techniques should be used to validate data 


transfer. 


 Operations. 


A.8.1 Operational checks of testable software safety-critical functions should be made 


immediately before performance of a related safety-critical operation. 


A.8.2 Software should provide for flight or ground crew forced execution of any 


automatic safing, isolation, or switchover functions. 


A.8.3 Software should provide for flight or ground crew forced termination of any 


automatic safing, isolation, or switchover functions. 


A.8.4 Software should provide procession for flight or ground crew commands in 


return to the previous mode or configuration for any automatic safing, isolation, 


or switchover function. 


A.8.5 Software should provide for flight or ground crew forced override of any 


automatic safing, isolation, or switchover functions. 


A.8.6 Hazardous payloads should provide failure status and health data to vehicle 


software systems, consistent with anomaly detection requirements and anomaly 


response requirements. Vehicle software systems should process hazardous 


payload status and data to provide status monitoring and failure annunciation. 


A.8.7 The system should have at least one safe state identified for each logistic and 


operational phase. 


A.8.8 Software control of critical functions should have feedback mechanisms that 


give positive indications of the function’s occurrence. 
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A.8.9 The system and software should ensure that design safety requirements are not 


violated under peak load conditions. 


A.8.10 The system and software should ensure that performance degradation caused by 


factors, such as memory overload and counter overflow, does not occur over 


time. 


 Validation and Verification. 


A.9.1 A system safety engineering team should analyze the software throughout the 


design, development, and maintenance process to validate and verify that the 


safety design requirements have been implemented correctly and completely. 


Test results should be analyzed to identify potential safety anomalies that may 


occur. 


A.9.2 If simulated items, simulators, and test sets are needed, the system should be 


designed such that the identification of the devices is fail safe. The design 


should also assure that personnel could not inadvertently identify operational 


hardware as a simulated item, simulator, or test set. 


A.9.3 The vehicle operator should use a problem-tracking system to identify, track, 


and disposition anomalies during the verification process. 


A.9.4 The operator should have the ability to review logged system errors. 


A.9.5 For software safety-critical functions, the developer should provide evidence 


that testing has addressed not only nominal correctness but also robustness in the 


face of stress. Such testing may involve stimulus and response pairs to 


demonstrate satisfaction of functional requirements. This approach should 


include a systematic plan for testing the behavior when capacities and rates are 


extreme. As a minimum, the plan would identify and demonstrate the behavior 


of safety-critical software in the face of the failure of various other components. 


Examples include having no or fewer input signals from a device for longer 


periods than operationally expected or, conversely, receiving more frequent 


input signals from a device than operationally expected. 


A.9.6 The developer should provide evidence of the following: 


 Independence of test planning, execution, and review for safety-critical 


software; to that end, someone other than the individual developer should 


develop, review, conduct, and interpret unit tests. 


 Rate and severity of errors of software safety-critical functions exposed in 


testing diminishes as the system approaches operational testing. 


 Tests of software safety-critical functions represent a realistic sampling of 


expected operational inputs. 
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A.9.7 Software testing should include the following: 


 Hardware and software input failure modes. 


 Boundary, out-of-bounds, and boundary crossing conditions. 


 Minimum and maximum input data rates in worst-case configurations to 


determine the system’s abilities and responses to these conditions. 


 Input values of zero, zero crossing, and approaching zero from either 


direction and similar values for trigonometric functions. 


A.9.8 Interface testing should include operator errors during safety-critical operations 


to verify safe system response to these errors. Issuing the wrong command, 


failing to issue a command, and issuing commands out of sequence should be 


among the conditions tested. 


A.9.9 Software safety-critical functions in which changes have been made should be 


subjected to complete regression testing. The regression tests should be 


maintained and updated as necessary. 


A.9.10 Where appropriate, software testing should include duration stress testing. The 


stress test periods should continue for at least the maximum expected operating 


time for the system. Operators should conduct testing under simulated 


operational environments. In addition, software testing should examine the 


following items: 


 Inadvertent hardware shutdown and power transients. 


 Error handling. 


 Execution path coverage, with all statements completed and every branch 


tested at least once. 


A.9.11 The vehicle operator should evaluate equations and algorithms to ensure that 


they are correct, complete, and satisfy safety requirements. 


A.9.12 Non-operational hardware and software required for testing or maintenance 


should be clearly identified. 


A.9.13 Existing code compiled with a new compiler or new release of a compiler 


should be regression tested. 


A.9.14 Operators should not use beta test versions of language compilers or operating 


systems for safety-critical functions. 


A.9.15 An operator should document and maintain test results in test reports. 
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 Configuration Management. 


A.10.1 Software safety-critical functions and associated interfaces should be put under 


formal configuration control as soon as a software baseline is established. 


A.10.2 A software configuration control board should be created to set up configuration 


control processes and pre-approve changes to configuration-controlled software. 


A.10.3 The software configuration control board should include a member from the 


system safety engineering team, tasked with the responsibility of evaluating all 


proposed software changes for potential safety impacts. 


A.10.4 Object code patches should not be performed without specific approval. 


A.10.5 All software safety-critical functions should be identified as “safety-critical.” 


A.10.6 The software configuration management process should include version 


identification, access control, and change audits. In addition, the ability to 


restore previous revisions of the system should be maintained throughout the 


entire life cycle of the software. 


A.10.7 All software changes should be evaluated for potential safety impact, and the 


FAA should be advised of proposed changes that impact safety. 


A.10.8 All software changes should be coded with a unique version identification 


number in the source code, then compiled and tested before introduction into 


operational equipment. 


A.10.9 All software safety-critical functions and associated interfaces should be under 


configuration control. 


A.10.10 Appropriate safeguards should be implemented to prevent non-operational 


hardware and software from being inadvertently identified as operational. 


A.10.11 Test and simulation software should be positively identified as non-operational. 


A.10.12 The run-time build should only include software that is built from contractor-


developed software source modules, or COTS software object modules that are 


traceable to a requirement or derived requirement identified in the requirements 


or design documentation. 
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 Quality Assurance. 


A.11.1 A quality assurance function should be implemented to verify that objectives are 


being satisfied and deficiencies are detected, evaluated, tracked, and resolved. 


This quality assurance function includes audits; code walk-throughs; and 


inspections of elements and processes, such as plans, standards, problem-


tracking systems, configuration management systems, and system life cycles. 


A.12 Security. 


A.12.1 The software should be designed to prevent unauthorized system or subsystem 


interaction from initiating or sustaining a software safety-critical function 


sequence. 


A.12.2 The system design should prevent unauthorized or inadvertent access to or 


modification of the software (source or assembly) and object code. This security 


measure includes preventing self-modification of the code. 


 Software Design, Development, and Test Standards. 


Software should be designed, developed, and tested in a manner that complies 


with IEEE/ISO/IEC 12207, International Standards Systems and software 


engineering – Software life cycle processes, or its equivalent. 


 Software Coding Practices. 


Software developers should apply software engineering criteria to select a 


programming language, or languages, for the safety software. This includes 


utilizing the information provided in ISO/IEC TR 24772, Programming 


languages — Guidance to avoiding vulnerabilities in programming languages. 


Project coding guidelines should be defined for each programming language 


used in the safety software implementation and should include mitigation for the 


vulnerabilities described in the relevant parts of ISO/IEC TR 24772. 
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 Software Reuse. 


Reused software encompasses software developed for other projects by the 


developer as well as any open source or public domain software selected for the 


project. Such software should be evaluated to determine if it is a software 


safety-critical function. Reused safety-critical software should comply with all 


safety-critical provisions required of newly developed software. For example, an 


operator should analyze reused software that performs a safety-critical function 


for the following items: 


 Correctness of new or existing system design assumptions and requirements. 


 Impacts on the overall system as the reused software runs on or interfaces 


with replaced equipment, new hardware, or both. 


 Changes in the environmental or operating conditions. 


 Impacts to existing hazards. 


 Correctness of the interfaces between system hardware; other software; and 


crew, ground operators, or controlling executive. 


 Safety-critical computing system functions compiled with a different 


compiler. 


 Commercial off-the-shelf (COTS) Software. 


A.16.1 When employing COTS software, an operator should ensure that every software 


safety-critical function that the software supports is identified and satisfies the 


safety requirements. 


A.16.2 Software hazard analyses should be performed on all COTS software used for 


software safety-critical functions. 


A.16.3 Software safety-critical functions identified in COTS software should comply 


with all safety requirements or be validated for intended use and environment. 


Compliance, validation method, and evidence are subject to FAA approval and 


should be documented. 
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APPENDIX B. SOFTWARE AND COMPUTING SYSTEM HAZARD 


ANALYSES. 


This appendix describes two methods for conducting software and computing 


system hazard analyses: Software Failure Modes and Effects Analysis (SFMEA) 


and Software Fault Tree Analyses (SFTA). Examples of the use of SFMEA and 


SFTA are provided. Other approaches may be acceptable to the FAA. Note that 


the analysis method used and the level of detail in that analysis will be made 


based on the complexity of the system, difficulty of the operations, and scope of 


the program. 


B.1 Software Failure Modes and Effects Analysis. 


As described in the FAA/AST Guide to Reusable Launch and Reentry Vehicle 


Reliability Analyses, a Failure Modes and Effects Analysis (FMEA) is a bottom-


up, inductive reliability and safety analysis method used to identify potential 


failure modes, effects on the system, risk reduction measures, and safety 


requirements. Although the steps to performing a SFMEA are similar to those of 


a hardware FMEA, an SFMEA differs in the following ways: 


 Hardware failure modes generally include aging, wear-out, and stress, while 


software failure modes are functional failures resulting from software faults. 


 Hardware FMEA analyzes both severity and likelihood of the failure, while 


an SFMEA usually analyzes only the severity of the failure mode. 


B.1.1 Typical SFMEA Procedural Steps. 


Software Failure Modes and Effects Analysis allows for systematic evaluation 


of software and computing system failure modes and errors. In addition, this 


analysis helps to prioritize the verification effort to focus on those functions that 


have the most influence on the safety of the system. One procedure for 


performing an SFMEA is as follows: 


1. Define the system to be analyzed. The system definition includes 


identification of modules. In addition, system definitions can include a 


description of interfaces between software and other systems, flow charts 


describing data flow or operations, logic diagrams, and user documentation. 


2. Categorize the system into elements to be analyzed. 


3. Identify potential software faults and computing system failure modes. 


4. Identify the potential causes (specific faults leading to the error or failure). 


Identifying the specific causes helps to define mitigation measures and test 


cases. 


5. Identify the local and system effects of each failure mode or software error. 


6. Identify controls and requirements to mitigate the risks for each failure 


mode. 
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7. Document the analysis using an SFMEA worksheet. 


B.1.2 In the majority of cases, failure modes for hardware components are understood 


and can be based on operational experience. A hardware FMEA can be based on 


the known hardware failures for a particular design or class of piece part, 


component, or subsystem. These hardware failures often result from such factors 


as wear-out, unanticipated stress, or operational variation. For software, such 


operational experience often does not exist. Software does not break or fall out 


of tolerance in the same way hardware does; therefore, software and computing 


system failure modes or software errors should be identified using generalized 


classifications. Error! Reference source not found. shows one example of a c


lassification set derived from information in such standards as IEEE STD 1044-


2009, IEEE Standard Classification for Software Anomalies, (Inactive). This 


table does not list all possible faults and failures; therefore, an operator should 


consider these and others specific to its system when performing software 


hazard analyses. 


Table B-1 Example Classification of Software and Computing System Errors 


Software and Computing 


System Failure Mode 


(Software Error) Class 


Specific Software and Computing System Faults and Failures 


Requirements  System responses not defined for all operating conditions. 


 Constraints not testable or left untested. 


 Safe states incorrectly defined. 


 Code documentation compiled inaccurately. 


 Programming practices not defined. 


 Test plan incorrect or incomplete. 


 Review processes incomplete or inaccurate. 


 Reused software not fully compatible with new application. 


 Program assumptions not documented. 


Calculation  Inappropriate equation for a calculation. 


 Incorrect use of parenthesis. 


 Inappropriate precision. 


 Round fault (or truncation fault). 


 Lack of convergence in calculation. 


 Operand incorrect in equation. 


 Operator incorrect in equation. 


 Sign fault. 


 Capacity overflow, underflow, or both. 


 Inappropriate accuracy. 
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Software and Computing 


System Failure Mode 


(Software Error) Class 


Specific Software and Computing System Faults and Failures 


 Use of incorrect instruction. 


Data  Undefined data. 


 Non-initialized data. 


 Data defined several times. 


 Incorrect adapt protection. 


 Variable type incorrect. 


 Range incorrect. 


 Wrong use of data (bit alignment, global data). 


 Fault in the use of complex data (record, array, pointer). 


 No use of data. 


 Data stuck at some value. 


Interface  Data corruption. 


 Bad parameters in call between two procedures. 


 No or null parameters in the call between two procedures. 


 Non-existent call between two procedures. 


 Wrong call between two procedures. 


 Inappropriate end-to-end numerical resolution. 


 Wrong message communication (bad error handling). 


 Empty or no message communication (bad or no error 


handling). 


 Incorrect creation, deletion, or suspension of a task. 


 Software responds incorrectly to no data. 


 Wrong synchronization between tasks (task not invoked 


because of its low priority). 


 Incorrect task blocking. 


 Wrong commands or messages given by the user, operator, 


or both. 


 No commands given by the user, operator, or both. 


 Commands not given in time by the user, operator, or both. 


 Commands given at wrong time by the user, operator, or 


both. 


Logic  Wrong order of sequences (modules called at wrong time). 


 Wrong use of arithmetic or logical instruction. 


 Wrong or missing test condition. 


 Wrong use of branch instruction. 


 Timing overrun. 
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Software and Computing 


System Failure Mode 


(Software Error) Class 


Specific Software and Computing System Faults and Failures 


 Missing sequence. 


 Wrong use of a macro. 


 Wrong or missing iterative sequence. 


 Wrong algorithm. 


 Shared data overwritten. 


 Unnecessary function. 


 Unreachable code. 


 Dead code. 


Environment  Compiler error. 


 Wrong use of tools options (optimize, debug). 


 Bad association of files during code link. 


 Change in operating system leads to software bug. 


 Change in third-party software leads to software bug. 


Hardware  CPU overload. 


 Memory overload. 


 Unexpected shutdown of the computer. 


 Wrong file writing. 


 Wrong interrupt activation. 


 Wrong data into register or memory. 


 Processor computation incorrect. 


 No file writing. 


 No interrupt activation. 


 No data into register or memory. 


 Loss of operator visualization (loss of screen display). 


 Untimely file writing. 


 Untimely data into memory or register. 


 Untimely interrupt activation. 


 Untimely operator visualization. 
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B.1.3 Error! Reference source not found. shows an SFMEA worksheet for functions a


nd computing system hardware components in a hypothetical RLV. While the 


analyses in these examples are focused on software functions, an SFMEA can be 


performed at any level, for example, a software package or module. Analyses at 


lower levels, such as at the code, provide the most information but also require 


the most resources. The scope of the analysis will depend on the particular 


software and development program. Examples of SFMEA developed for other 


industries are provided in Czerny (2005), Dunn (2002), Feng and Lutz (2005), 


Ozarin (2006), and Wood (1999). 


B.1.4 Performing an SFMEA as early as possible in the development process is 


desirable. Note, however, the software design is highly subject to change 


because designers continually make beneficial modifications during 


development. Therefore, updating the SFMEA throughout the development 


process to reflect these changes is important. 
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Table B-2 Example Software and Computing System Failure Modes and Effects Analysis Worksheet 


Item 


No. 


Software or 


Computing System 


Element  


Failure Mode 


or Software 


Error 


Error Cause (Specific 


Fault Type) 
Local Effect 


System Effect or 


Hazard 


Risk Mitigation 


Measures 


PS-1 Function: 


PROP_SENS 


Acquire temperature 


and pressure sensor 


inputs from 


propulsion system, 


and provide 


information to flight 


control modules and 


automated shutdown 


routines. 


Function fails to 


work or 


performs 


incompletely 


because of logic, 


data, or interface 


errors. 


 Wrong use of branch 


instruction. 


 Data out of range. 


 Missing data. 


 Non-existent or 


incorrect call between 


procedures. 


 Missing error-


handling routine. 


 Function called at 


wrong time. 


No sensor readings 


obtained from the 


propulsion system. 


 Continuing to 


operate with last 


sensor inputs.  


 Failing to detect 


out-of-range 


condition. 


 Failing to issue 


proper abort and 


propulsion 


shutdown 


commands. 


 Using a separate 


software execution 


monitoring function 


to detect whether 


the function was 


completed.  


 Verifying sensors 


before flight. 


PS-2 Function: 


PROP_SENS 


Acquire temperature 


and pressure sensor 


input from 


propulsion system 


and provide 


information to flight 


control modules and 


automated shutdown 


routines. 


Function works 


incorrectly 


because of 


calculation, 


logic, data, or 


interface errors. 


 Incorrect conversion 


calculation. 


 Wrong use of branch 


instruction. 


 Wrong use of data. 


 Data out of range. 


 Missing data. 


 Missing error- 


handling routine. 


 Function called at 


wrong time. 


Incorrect sensor 


signals received 


from the 


propulsion system. 


 Using incorrect 


input; therefore, 


providing incorrect 


output.  


 Failing to issue 


proper abort and 


propulsion 


shutdown 


commands. 


 Using a separate 


software function to 


detect out of range 


conditions for 


temperature and 


pressure.  


 Providing 


independent 


temperature and 


pressure readings to 


pilots to use for 


manual shutdown 


purposes.  


 Verifying sensors 


before flight. 
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Table B-2. Example Software and Computing System Failure Modes and Effects Analysis worksheet (cont’d) 


Item 


No. 


Software or 


Computing System 


Element  


Failure Mode 


or Software 


Error 


Error Cause (Specific 


Fault Type) 


Local Effect System Effect or 


Hazard 


Risk Mitigation Measures 


CV-1 Function: 


CLOSE_VALVE 


When limits are 


exceeded command 


the main fuel and 


oxidizer valves to 


close. 


Function fails to 


work or 


performs 


incompletely 


because of logic, 


data, or interface 


errors. 


 Wrong use of 


branch instruction.  


 Data out of range or 


incorrect. 


 Non-existent or 


incorrect call 


between procedures. 


 Missing error- 


handling routine. 


Signal is not 


sent to the 


valve actuators. 


Failing to close 


valves, resulting in 


continued thrust, 


flight outside of 


operating area, or 


possible loss of 


vehicle. 


 Using a separate software 


execution monitoring 


function to detect whether 


the function was completed.  


 Making manual shutdown 


procedures available. 


GPS-1 Function: 


GPS_RECEIVE 


 Acquire GPS 


signal.  


 Send vehicle 


position to other 


functions. 


 Abort if location 


data out of 


range. 


Function fails to 


execute or 


executes 


incompletely 


because of logic, 


data, or interface 


errors. 


 Wrong use of 


branch instruction. 


 Data out of range or 


incorrect (loss of 


GPS signal). 


 Non-existent or 


incorrect call 


between procedures. 


 Missing error-


handling routine. 


Position 


information is 


not provided. 


 Using incorrect 


input or having 


no GPS location 


data; therefore, 


providing 


incorrect output.  


 Failing to issue 


proper abort and 


propulsion 


shutdown 


commands. 


 Using a separate software 


function to detect out of 


range conditions, including 


location values and signal 


strength.  


 Having the main computer 


initiate an abort if 


conditions are out of range.  


 Performing GPS checks 


before flight. 


  







08/16/2021  AC 450.141-1A 


  Appendix B 


55 


Table B-2. Example Software and Computing System Failure Modes and Effects Analysis worksheet (cont’d) 


Item 


No. 


Software or 


Computing System 


Element  


Failure Mode 


or Software 


Error 


Error Cause (Specific 


Fault Type) 


Local Effect System Effect or 


Hazard 


Risk Mitigation Measures 


CS-1 Main CPU Loss of main 


computer. 
 Overload of CPU 


 Loss of power from 


on-board batteries. 


 Inadvertent 


shutdown. 


Loss of all 


safety-critical 


computer and 


software 


functions. 


 Continuing to 


operate with last 


sensor inputs. 


 Failing to detect 


out-of-range 


condition, 


causing failure to 


issue proper 


abort and 


propulsion 


shutdown 


commands. 


 Using a watchdog timer to 


detect computing system 


functionality and trigger a 


reboot of the main CPU. 


 Implementing CPU self-


tests and hardware 


diagnostics to detect failure. 


 Initiating abort sequences 


using a separate on-board 


CPU.  


 Making manual shutdown 


procedures available. 


WD-1 Watchdog timer Watchdog timer 


failure. 
 Loss of power. 


 Mechanical or 


electrical failure. 


No system 


available to 


monitor CPU 


loss. 


 Failing to detect 


loss of CPU. 


 Failing to issue 


proper abort 


commands if 


main CPU lost. 


 Running watchdog 


computer and main CPU off 


separate power sources.  


 Verifying watchdog timer 


before flight.  


 Making manual abort 


procedures available. 
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B.2 Software Fault Tree Analysis. 


B.2.1 A top-down, deductive study of system reliability, Fault Tree Analysis (FTA) 


graphically depicts the sequence of events that can lead to an undesirable outcome. An 


FTA generates a fault tree, which is a symbolic logic model of the failures and faults. 


As an aid for system safety improvement, an FTA is often used to model complex 


processes. For example, an FTA may be used to estimate the probability that a top-level 


or causal event will occur, identify systematically possible causes leading to that event, 


and document the results of the analytic process to provide a baseline for future studies 


of alternate designs. 


B.2.2 A Software Fault Tree Analysis (SFTA) is an extension of the system FTA in which 


software and computing system contributors to an undesirable event are identified and 


analyzed. While a hardware FTA can be quantitative or qualitative, an SFTA is not 


quantitative because of software’s non-probabilistic nature. An SFTA produces safety 


requirements that can then be implemented in the software life cycle. 


B.2.3 Standard logic symbols are used in constructing an SFTA to describe events and logical 


connections. Error! Reference source not found. shows the most common symbols. T


he FAA/AST Guide to Reusable Launch and Reentry Vehicle Reliability Analyses 


provides additional symbols and information on SFTA. The process for performing an 


SFTA is as follows: 


1. Identify the undesirable events that require analysis. Usually, these occurrences are 


called pivotal events – events that could ultimately lead to failure of the vehicle or 


system. Each pivotal event is a top event for the fault tree, and a new tree is required 


for each top event. The top event is often determined from other analyses, such as a 


hazard analysis, FMEA, or known undesirable event, such as a mishap. 


2. Define the scope of the analysis to determine the level of depth of the analysis 


needed for each undesirable event. The level of depth may be determined based on 


the application of the analysis. In some cases, for example, analyzing broad 


functions may suffice. Other cases may require analyzing errors in specific modules. 


3. Identify causes leading to the undesirable event, known as first-level contributors to 


the top event. Contributors should be independent of each other. For example, for a 


top event of “Incorrect navigation data on flight control display,” the events “data 


not calculated correctly” and “inappropriate equation used for calculations” are not 


independent events. Use of an inappropriate equation may have led to calculating 


the data incorrectly. To determine events and contributors, data gathering may be 


required. Sources of this information include requirements, drawings, and block 


diagrams. 


4. Link the first-level contributors to the top event by a logic gate. 


5. Identify the second-level contributors to the first-level events. 


6. Link the second-level contributors to the first-level contributors. 
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Table B-3 Common Fault Tree Logic and Event Symbols 


Symbol Description 


 Top Event – Foreseeable, undesirable 


occurrence (also used for an 


intermediate event). 


 “OR” Gate – Any of the events below 


gate will lead to an event above the OR  
gate. 


 


 “AND” Gate – All events below gate 


must occur for event above gate to 
AND occur. 


 Undeveloped Event – An event not 


further developed because of a lack of 
 


need, resources, or information. 


 Initiator (Basic Event) – Initiating fault 


or failure, not developed further (marks 
 


limit of analysis). 
 


7. Repeat until the analysis reaches a desired level. The bottom-most contributors are 


known as initiators or basic events. 


8. Evaluate the tree to determine the validity of the input and failure paths. 


9. Identify specific safety requirements. 


10. Document the SFTA results. 


B.2.4 An SFTA allows for systematic evaluation of the risks of complex software and 


computing systems. Using an SFTA helps to discover common cause failures and 


single-point failures, critical fault paths, and design weaknesses and to identify the best 


places to build in fault tolerance. In addition, an SFTA helps to prioritize the 


verification effort to focus on those functions with a large amount of influence on the 


safety of the system. Czerny (2005), Dunn (2002), Dehlinger and Lutz (2004), and 


Gowen (1996) provide examples of SFTA developed for other industries. 


B.2.5 In developing an SFTA, a developer normally starts with a general FTA that describes 


the potential impacts of a safety-critical software function with respect to a large 


system. Figure B-1 shows an example of a fault tree for engine shutdown failure that 
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includes hardware, software, and procedures. The contributing event, “Software or 


computing system error,” can be expanded further. Figure B-2 shows a portion of a fault 


tree expanding this undesirable event. Note that the “logic error,” “data error,” and 


“data input error” basic events could be expanded further if necessary to identify 


specific areas of concern, such as out of range variables, logic sequences out of order, or 


other faults identified in Table B-1. 


 


Figure B-1 Fault Tree for Engine Shutdown Failure. 


  


  


Incorrect 
procedure 


Improper 
training 


Unable to shutdown engine 
after cutoff 


Valve 2 fails 
to close 


Automatic controller fails to 
close valve (valve 1) 


Failure to close 


manual valve (valve 2) 


  


Software or 
computing 
system error 


Valve 1 fails to 
close 


 


Mechanical 
failure 


   


Mechanical 
failure 


Contamination 


Operator fails 
to close 


Contamination 
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Software or computing 
system error 


Shutdown module does not issue 
command to actuator 


Shutdown module does not 
receive shutdown command 


Power lost to 
CPU 


    


Backup 
battery 


loss 


Main 
battery loss 


  


Logic 
error 


  


Data 
error 


Computer system 


crash 


    


Watchdog 
timer/reboot 
failure 


Memory or 
CPU 
overflow 


  


Sensor 
failure 


  


Data 
input 
error 


Figure B-2 Fault Tree for Software or Computing System Errors 


 


  







08/16/2021  AC 450.141-1A 


  Appendix C 


60 


APPENDIX C. SPACE VEHICLES FAILURES AND AIRCRAFT ACCIDENTS 


C.1 Space Vehicle Failures. 


C.1.1 Software and its associated computing system hardware have played a significant role 


in the root cause of several high-profile space vehicle failures, as described in various 


accident investigation reports and studies. Although the following is not a 


comprehensive list of all failures where software played a role, the descriptions help 


provide an understanding of the types of failures that can be traced to software and 


computing systems and provide lessons learned for the design of future systems. 


C.2 PHOBOS 1. 


C.2.1 The Phobos 1 spacecraft was launched on July 7, 1988, on a mission to conduct surface 


and atmospheric studies of Mars. The vehicle operated normally until routine attempts 


to communicate with the spacecraft failed on September 2, 1988, and the mission was 


lost. Examination of the failure showed that a ground control operator had omitted a 


single letter in a series of digital commands sent to the spacecraft. The computer 


mistranslated this command and started a ground checkout test sequence, deactivating 


the attitude control thrusters. As a result, the spacecraft lost its lock on the Sun. Because 


the solar panels pointed away from the Sun, the on-board batteries were eventually 


drained, and all power was lost. 


C.2.2 A lack of requirements taking the human and software interface into account 


contributed to the failure. Additionally, error-checking functions had been turned off 


during the data transfer operation. 


C.2.3 Lesson Learned. 


Error checking and isolating test software from flight software are important aspects of 


software assurance (Norman 1990, Perminov 1999). 


C.2.4 References. 


 Norman, Don A. “Commentary: Human Error and the Design of Computer 


Systems.” Communications of the ACM, vol. 33, pp. 4-7. 1990. 


 Perminov, V. G. The Difficult Road to Mars: A Brief History of Mars Exploration in 


the Soviet Union. NASA Monographs in Aerospace History, no. 15. NP-1999-06-


251-HQ. 1999. 


C.3 CLEMENTINE. 


C.3.1 The Deep Space Program Science Experiment, also known as the Clementine 


spacecraft, was launched on January 25, 1994. The spacecraft entered lunar orbit, 


functioned flawlessly, and departed from the Moon on May 3, 1994, to rendezvous with 


its target, asteroid 1620 Geographos. However, four days later, a flaw in the software 
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resulted in the computer firing the attitude control thrusters until the supply of 


propellant had been exhausted. The malfunction left the spacecraft in a stable spin that, 


when combined with the spacecraft’s heliocentric orbit, would ultimately prevent the 


generation of adequate power to operate the spacecraft. This condition led to 


abandonment of the mission. 


C.3.2 Although the root cause of the problem could not be definitively determined, some 


researchers have suggested that a floating-point exception may have caused the 


computer to crash, allowing the thrusters to operate continuously. Inadequate testing, a 


tight schedule, and cost pressures also may have increased the chances of failure. 


C.3.3 Lesson Learned. 


A watchdog timer may have been used to reset the computer automatically and avert 


failure (Chapman and Regeon 1996, Ganssle 2000, Harland and Lorenz 2005). 


C.3.4 References. 


 Chapman, R. Jack and Paul A. Regeon. “The Clementine Lunar Orbiter Project.” 


Unpublished paper presented at the Austrian Space Agency Summer School, 


Alpbach, Germany, July 26 to August 3, 1995. 


 Ganssle, Jack G., “Crash and Burn.” Embedded Systems Programming, 2000. 


https://www.embedded.com/crash-and-burn/. 


 Harland, David M. and Ralph D. Lorenz, Space System Failures: Disasters and 


Rescues of Satellites, Rockets, and Space Probes. Berlin: Praxis Publishing Ltd. 


2005. 


C.4 ARIANE 501. 


C.4.1 On June 4, 1996, the Ariane 5 launch vehicle veered off course and broke up 


approximately 40 seconds into launch. The vehicle started to disintegrate because of 


high aerodynamic loads resulting from an angle of attack greater than 20 degrees. This 


condition led to separation of the boosters from the main stage, in turn triggering the 


self-destruct system of the launcher. This improper angle of attack was caused by full 


nozzle deflections of the solid boosters and the Vulcain main engine. The on-board 


computer software commanded these nozzle deflections based on data received from 


the active Inertial Reference System. Ultimately, these improper deflections resulted 


from requirement and design errors in the Inertial Reference System software, including 


improper error handling. An unexpected horizontal velocity component led to an 


overflow condition, which was not handled properly by the software. 


C.4.2 Reused software from the Ariane 4 program, including the exception handling code 


used in the Inertial Reference System, contributed to the failure. The source of the fault 


occurred in a function that was not required for Ariane 5, but rather was a function 


carried over from the Ariane 4 software. The development team believed that faults 


would be caused by a random hardware failure, handled by redundancy in the hardware. 


However, because the problem was a requirements problem instead of a random 



https://www.embedded.com/crash-and-burn/
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hardware failure, both the primary and backup Inertial Reference Systems shutdown 


nearly simultaneously from the same cause. In addition, no end-to-end tests were 


conducted to verify that the Inertial Reference System and its software would behave 


correctly when subjected to the countdown sequence, flight time sequence, and 


trajectory of Ariane 5. 


C.4.3 Lesson Learned. 


Multiple factors can contribute to failure, including a misunderstanding of the software 


risks, especially of reused software; complex software design; insufficient system 


engineering efforts; flawed requirements and failure to fully analyze those 


requirements; and insufficient testing (Lions 1996, O’Halloran 2005). 


C.4.4 References. 


 Lions, J. L., Ariane5: Flight 501Failure Report by the Inquiry Board. Paris: 


European Space Agency, 1996. 


 O’Halloran, Colin, et al. “Ariane 5: Learning from Failure.” Proceedings of the 23rd 


International System Safety Conference, August at San Diego, California, 2005. 


C.5 DELTA III/GALAXY. 


C.5.1 On August 27, 1998, the first Boeing Delta III ever flown was launched from Pad 17B 


at Cape Canaveral Air Station, Florida. Its mission was to place the GALAXY X 


commercial communications spacecraft into a nominal transfer orbit. At 65 seconds 


after liftoff, the air-lit Solid Rocket Motors (SRMs) ceased to swivel, leaving two 


motors in positions that helped overturn the vehicle. The vehicle yawed about 35 


degrees. Approximately 71 seconds after lift-off, it began to disintegrate at an altitude 


of about 60,000 feet. A destruct signal was sent 75 seconds into the flight, which 


completed destruction of the vehicle. Analysis revealed that between 55 and 65 seconds 


into the flight, roll oscillations around four Hz prompted the control system of the 


vehicle to gimbal its three swiveling SRMs. The control system software commanded 


the system to respond to the oscillation, and the SRMs gimbaled with these commands 


until the hydraulic system ran out of fluid. Once the hydraulic fluid was expended, the 


oscillations appeared to smooth out. Unfortunately, however, after the hydraulic fluid 


had been expended, two of the three swiveling SRMs were stuck in the wrong position, 


and wind shear forced the Delta III to yaw and break up seven seconds later. 


C.5.2 The review team concluded that the flight would not have failed if the control system 


software had not commanded the system to respond to the four Hz roll oscillations 


because the vehicle oscillations would have smoothed out on their own. As a result of 


the investigation, Boeing changed an instruction to the flight control system, so the 


software would identify and ignore the four Hz roll oscillation in subsequent Delta III 


flights. 
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C.5.3 Lesson Learned. 


An inadequate understanding of the interactions between software and hardware could 


lead to failure (Boeing 1998). 


C.5.4 References. 


 The Boeing Company. “Boeing Pinpoints Cause of Delta 3 Failure, Predicts Timely 


Return to Flight.” Boeing Press Release, 1998. 


C.6 ZENIT/GLOBALSTAR. 


C.6.1 On September 9, 1998, a two-stage Ukrainian-built Zenit 2 rocket, carrying 


12 Globalstar satellites, was launched from Baikonur, Kazakhstan. According to the 


National Space Agency of Ukraine, the second stage of the booster rocket shutdown at 


approximately 276 seconds into flight. The nose cone carrying the 12 satellites 


automatically disengaged from the booster rocket with the shutdown and fell to Earth in 


remote southern Siberia. The booster rocket followed. Although the root cause of the 


failure could not be definitively confirmed, a malfunction of the flight control 


computers or software, which led to the premature shutdown of the second stage, was 


the most likely cause. Telemetry data indicated that two of the three primary flight 


computers shut down, a situation that left the third computer unable to control the 


vehicle, resulting in the cutoff of the engine. 


C.6.2 Lesson Learned. 


A lack of understanding of the risks associated with software and computing systems 


can lead to failure (Wired News 1998, Woronowycz 1998). 


C.6.3 References. 


 Wired News. “12 Satellites Go Down in Russia.” dated September 10, 


1998.https://www.wired.com/1998/09/12-satellites-go-down-in-russia/. 


 Woronowycz, Roman. “Crash of Ukrainian Rocket Imperils Space Program.” The 


Ukrainian Weekly, vol. 66, no. 38, dated September 20, 1998. 


C.7 MARS CLIMATE ORBITER. 


C.7.1 The Mars Climate Orbiter (MCO) was launched on December 11, 1998, and was lost on 


September 23, 1999, as it entered the Martian atmosphere in a lower than expected 


trajectory. The investigation board identified the failure to use metric units in the coding 


of a ground software file used in the trajectory models as the root cause. These 


trajectory models produced data ultimately used to define the vehicle’s trajectory for the 


flight computer. Thruster performance data were in English units instead of metric. As a 


result, an erroneous trajectory was calculated which led to the vehicle crashing onto the 


surface rather than entering into an orbit around Mars. Formal acceptance testing failed 


to capture the problem because the test article used for comparison contained the same 


error as the output file from the actual unit. 



https://www.wired.com/1998/09/12-satellites-go-down-in-russia/
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C.7.2 Incomplete requirements were a contributing factor. The requirements did not dictate 


the units to be used. Also, a lack of warning marks in the original code, identifying the 


potential problem, contributed to the failure. The MCO investigators also cited 


inadequacies in risk identification, communication, management, and mitigation that 


compromised mission success. In part, these inadequacies resulted from cost and 


schedule pressures. 


C.7.3 Lesson Learned. 


Multiple factors can lead to failure, including inadequate testing, incomplete 


requirements, and inadequate risk management (Leveson 2004, Stephenson 1999). 


C.7.4 References. 


 Leveson, Nancy G. “The Role of Software in Spacecraft Accidents.” AIAA Journal 


of Spacecraft and Rockets, vol. 41, no. 4, pp. 564-575, 2004. 


C.8 MARS POLAR LANDER. 


C.8.1 The Mars Polar Lander (MPL) was launched on January 3, 1999. Upon arrival at Mars, 


communications ended according to plan as the vehicle prepared to enter the Martian 


atmosphere. Communications were scheduled to resume after the Lander and the probes 


were on the surface. However, repeated efforts to contact the vehicle failed. The cause 


of the MPL loss was never fully identified, but the most likely scenario was that the 


problem involved deployment of the three landing legs during the landing sequence. 


Each leg was fitted with a Hall Effect magnetic sensor that generated a voltage when 


the leg contacted the surface of Mars. A command from the flight software was to shut 


down the descent engines when touchdown was detected. The MPL investigators 


believed that the software interpreted spurious signals generated at leg deployment as 


valid touchdown events, leading to premature shutdown of the engines at 40 meters 


above the surface of Mars, resulting in the vehicle crashing into the surface. 


C.8.2 Although a possible failure mode whereby the sensors would falsely detect that the 


vehicle had touched down was known to exist, the software requirements did not 


account for this failure mode. Therefore, the software was not programmed to avoid 


such an occurrence. Although the validation and verification program was well planned 


and executed, the MPL failure report noted, analysis was often substituted for testing to 


save costs. Such analysis may have lacked adequate fidelity. Also, the touchdown 


sensing software was not tested with the Lander in the flight configuration. The MPL 


investigators specifically recommended that system software testing include stress 


testing and fault injection in a suitable simulation environment to determine the limits 


of capability and search for hidden flaws. 


C.8.3 Lesson Learned. 


Multiple factors can lead to failure, including insufficient system engineering efforts, 


insufficient testing, flawed review processes, and flawed requirements (JPL 2000, 


Leveson 2004). 
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C.8.4 References. 


 NASA, Jet Propulsion Laboratory. Report on the Loss of the Mars Polar Lander 


and Deep Space 2 Missions. JPL D-18709, 2000. 


 Leveson, Nancy G. “The Role of Software in Spacecraft Accidents.” AIAA Journal 


of Spacecraft and Rockets, vol. 41, no. 4, pp. 564-575, 2004. 


C.9 TITAN/CENTAUR-MILSTAR. 


C.9.1 On April 30, 1999, a Titan IV B vehicle (Titan IV B-32), with a Titan Centaur upper 


stage (TC-14) was launched from Space Launch Complex 40 at Cape Canaveral Air 


Station, Florida. The mission was to place a Milstar satellite into geosynchronous orbit. 


The flight performance of the Titan solid rocket motors and core vehicle was nominal, 


and the Centaur upper stage separated properly from the Titan IV B. The vehicle began 


experiencing instability about the roll axis during the first Centaur burn. That instability 


was greatly magnified during Centaur’s second main engine burn, resulting in 


uncontrolled vehicle tumbling. The Centaur tried to compensate for those attitude errors 


by using its Reaction Control System. Such attempts ultimately depleted available 


propellant during the transfer orbit coast phase. The third engine burn ended early 


because of the tumbling vehicle motion. As a result of the anomalous events, the Milstar 


satellite was placed in a low elliptical final orbit instead of the intended geosynchronous 


orbit. 


C.9.2 The Accident Investigation Board concluded that a failed software development, 


testing, and quality assurance process for the Centaur upper stage caused the failure of 


the Titan IV B-32 mission. That failed engineering process did not detect nor did it 


correct a human error in the manual entry of the roll rate filter constant entered in the 


Inertial Measurement System flight software file. Evidence of the incorrect constant 


appeared during launch processing and the launch countdown, but its impact was 


insufficiently recognized or understood. Consequently, this error was not corrected 


before launch. The incorrect roll rate filter constant zeroed any roll rate data, resulting 


in the loss of control. The Board noted that the manually input values were never 


formally tested in any of the simulations before launch, and simulator testing was not 


performed as the system was supposed to be flown. 


C.9.3 Lesson Learned. 


Flawed engineering processes, underestimation of the software risks, and inadequate 


software reviews can lead to failure (Leveson 2004, Pavlovich 1999). 


C.9.4 References. 


 Pavlovich, J. Gregory. Formal Report of Investigation of the 30 April 1999 Titan 


IVB/Centaur TC-14/Milstar-3 (B-32) Space Launch Mishap. Washington, D.C.: 


U.S. Air Force, 1999. 


 Leveson, Nancy G., “The Role of Software in Spacecraft Accidents.” AIAA Journal 


of Spacecraft and Rockets, vol. 41, no. 4, pp. 564-575, 2004. 
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C.10 SEA LAUNCH/ICO F1. 


C.10.1 On March 12, 2000, a Sea Launch Zenit lifted off from the Odyssey launch platform 


positioned on the Equator in the Pacific Ocean. The vehicle was carrying the ICO 


Global Communications F-1 satellite. Shortly before the launch, however, the ground 


software failed to close a valve in the pneumatic system of the second stage of the 


rocket. This system performed several actions, including operation and movement for 


the steering engine of this stage. Loss of more than 60 percent of the pneumatic 


system’s pressure reduced the capability of the engine; therefore, the rocket did not gain 


the altitude and speed necessary to achieve orbit. About eight minutes into the flight, as 


the Zenit’s second stage was nearing the completion of its firing, the launch was aborted 


under command of the on-board automatic flight termination system. The rocket issued 


the command once it sensed a deviation in attitude. Both the rocket and its satellite 


cargo crashed into the Pacific Ocean about 2,700 miles southeast of the launch site. 


C.10.2 The software error was traced back to a change of a variable name in the ground 


operations software. This name change resulted in a change to the software logic such 


that the valve failed to close before launch. Ultimately, Sea Launch discovered flaws in 


their configuration management and software engineering processes, including 


identifying changes in the system and verifying proper operation after those changes. 


C.10.3 Lesson Learned. 


Flawed configuration management and software engineering processes can lead to 


failure (AW&ST 2000, Ray 2000). 


C.10.4 References. 


 “Sea Launch Poised to Fly with PAS-9,” Aviation Week & Space Technology, dated 


July 3, 2000. 


 Ray, Justin, “Sea Launch Malfunction Blamed on Software Glitch.” Spaceflight 


Now, dated March 30, 2000. 


http://spaceflightnow.com/sealaunch/ico1/000330software.html. 


C.11 COSMOS/QUICKBIRD 1. 


C.11.1 On November 28, 2000, the QuickBird 1 satellite was launched aboard a Russian 


Cosmos-3M rocket from the Plesetsk Cosmodrome. However, ground stations did not 


detect signals from the satellite after launch. Investigators suggested that a computer 


error inside the satellite might have caused the U.S.-built spacecraft to deploy its 


electricity-generating solar arrays while the rocket was still climbing through the 


atmosphere. The computer error may have resulted from a hold in the launch, which 


was delayed one hour because a Norwegian tracking station was not ready to monitor 


the satellite. 


C.11.2 Russian officials proposed that an operator forgot to reset the satellite computer to 


account for the new launch time. As a result, the flight command sequence of the 



http://spaceflightnow.com/sealaunch/ico1/000330software.html
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spacecraft began at the original launch time and, following its preprogrammed time line, 


tried to deploy the solar panels while the satellite was still attached to the rocket during 


the early phase of the flight. 


C.11.3 Lesson Learned. 


Failure to understand software risks can lead to mission failure (Clark 2000). 


C.11.4 References. 


 Clark, Stephen, “Commercial Eye-In-The-Sky Appears Lost in Launch Failure.” 


Spaceflight Now, 21 November 21, 2002. 


http://spaceflightnow.com/news/n0011/20quickbird/. 


C.12 MARS ROVER SPIRIT. 


C.12.1 NASA’s Mars Exploration Rovers, Spirit and Opportunity, landed on Mars on 


January 4 and 25, 2004. On January 21, 2004, Spirit abruptly ceased communications 


with mission control. When contact was re-established, mission control found that Spirit 


could not complete any task that requested memory from the flight computer. 


Examination of the problem showed that the file system was consuming too much 


memory, causing the computer to reset repeatedly. The root cause of the failure was 


traced to incorrect configuration parameters in two operating system software modules 


that controlled the storage of files in memory. Effects of overburdened memory were 


not recognized or tested during ground tests. 


C.12.2 Mission operations personnel recovered Spirit by manually reallocating system 


memory, deleting unnecessary files and directories, and commanding the computer to 


create a new file system. Although the rover was recovered, the malfunction took 


14 days to diagnose and fix, thereby reducing the nominal mission duration. 


C.12.3 A post-anomaly review showed that memory management risks were not understood. In 


addition, schedule pressures prevented extensive testing and understanding of software 


functions.  


C.12.4 Lesson Learned. 


Memory management strategies are important for software assurance (Reeves and 


Neilson 2005). 


C.12.5 References. 


 Reeves, Glenn and Tracy Neilson, “The Mars Rover Spirit FLASH Anomaly.” Paper 


presented at the IEEE Aerospace Conference, Big Sky, Montana, March, 2005.  



http://spaceflightnow.com/news/n0011/20quickbird/
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C.13 CRYOSAT. 


C.13.1 On October 8, 2005, a Russian-built Rockot launch vehicle, carrying the CryoSat 


satellite, blasted off from Russia's northwestern Plesetsk Cosmodrome. Analysis of the 


telemetry data indicated that the first stage performed nominally. The second stage 


performed nominally until main engine cut-off was to occur. However, the second stage 


main engine failed to shut down at the proper time, and continued to operate until 


depletion of the remaining fuel. As a consequence, the second stage was not separated 


from the third stage, and the third stage engine was not ignited. This lack of engine 


capability resulted in unstable flight, causing the vehicle flight angles to exceed 


allowable limits. The on-board computer automatically ended the mission at 


308 seconds into flight. For the second stage shutdown to succeed, pressurization of the 


low-pressure tank of the third stage had to have been completed before issuance of the 


shutdown command. 


C.13.2 Failure analysis showed that the command to shut down the second stage engine was 


generated correctly. However, the completion time for the pressurization sequence was 


erroneously specified; therefore, pressurization completed after the shutdown command 


was generated. This failure case had not been identified in development and was not 


tested. No built-in tests existed for the pressurization time. 


C.13.3 Lesson Learned. 


Adequate consideration should be given to off-nominal inputs and conditions during 


design and verification (Briggs 2005, Eurocket 2005). 


C.13.4 References. 


 Briggs, Helen, “Cryosat Rocket Fault Laid Bare.” BBC News, dated October 27, 


2005. http://news.bbc.co.uk/1/hi/sci/tech/4381840.stm. 


 EUROCKOT Launch Services GmbH, “CryoSat Failure Analyzed – KOMPSAT-2 


Launch in Spring 2006.” Eurocket Press Release. Bermen, Germany, 


December 21, 2005, 


 



http://news.bbc.co.uk/1/hi/sci/tech/4381840.stm
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APPENDIX D. COMMERCIAL, MILITARY, AND EXPERIMENTAL AIRCRAFT 


ACCIDENTS 


D.1 Commercial And Military Software Failures. 


The space vehicle failures described here discuss incidents resulting in mission failures 


or anomalies without impacts to the uninvolved public. However, such incidents 


illustrate the importance of software and computing systems in the operation of space 


and launch vehicles. Unfortunately, software has been a cause of several accidents 


resulting in injury and loss of life in commercial and military aircraft. Some of those 


accidents are described below. 


D.2 X-31. 


D.2.1 An X-31 U.S. government research aircraft was destroyed when it crashed in an 


unpopulated area just north of Edwards Air Force Base while on a flight originating 


from the NASA Dryden Flight Research Center, Edwards, California, on 


January 19, 1995. The crash occurred when the aircraft was returning after completing 


the third research mission of the day. The pilot safely ejected from the aircraft but 


suffered serious injuries. 


D.2.2 A mishap investigation board studying the cause of the X-31 accident concluded that an 


accumulation of ice in or on the unheated pitot-static system of the aircraft provided 


false airspeed information to the flight control computers. The resulting false reading of 


total air pressure data caused the flight control system of the aircraft to automatically 


configure for a lower speed. The aircraft suddenly began oscillating in all axes, pitched 


up to over 90 degrees angle of attack and became uncontrollable, prompting the pilot to 


eject. 


D.2.3 The mishap investigation board also faulted the safety analyses, performed by Rockwell 


and repeated by NASA, which underestimated the severity of the effect of large errors 


in the pitot-static system. Rockwell and NASA had assumed that the flight software 


would use the backup flight control mode if this problem occurred. 


D.2.4 Lesson Learned. 


Estimating and mitigating software risks, including software used to mitigate hardware 


anomalies, are critical aspects of software safety (Dornheim 1995, Haley 1995). 


D.2.5 References. 


 Dornheim, Michael A. “X-31 Board Cites Safety Analyses, But Not All Agree.” 


Aviation Week & Space Technology, pp. 81-86, dated December 4, 1995. 


 Haley, Don. “Ice Cause of X-31 Crash.” NASA Dryden Flight Research Center, 


Edwards, California. NASA Press Release 95-203, 1995. 
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D.3 F-22 RAPTOR. 


D.3.1 On February 11, 2007, a flight of 12 F-22’s, on their first deployment to Japan from 


Hawaii, encountered a multiple system failure at the International Date Line. When the 


fighters crossed the line, they lost all navigation and attitude indication systems, and 


parts of their communication and fuel systems including their radios. Fortunately, they 


were re-fueling at the time and were able to follow the tankers back to Hawaii. The 


errors were fixed in about 48 hours, and the planes completed their deployment 


following the software fix.  


D.3.2 Lesson Learned. 


Software should be tested across the entire environment in which it will operate 


(Defense Industry Daily, 2007). 


D.3.3 References. 


 “F-22 Squadron Shot Down by the International Date Line.” Defense Industry 


Daily, 2007. http://www.defenseindustrydaily.com/f22-squadron-shot-down-by-the-


international-date-line-03087/. 


 



http://www.defenseindustrydaily.com/f22-squadron-shot-down-by-the-international-date-line-03087/

http://www.defenseindustrydaily.com/f22-squadron-shot-down-by-the-international-date-line-03087/
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1 PURPOSE. 


1.1 This AC provides guidance on meeting the requirements of § 450.161 to publicize, 
survey, control, or evacuate each flight hazard area identified under § 450.133 prior to 
initiating flight of a launch vehicle or the reentry of a reentry vehicle to the extent 
necessary to ensure compliance with the risk criteria in § 450.101. Section 450.161(b) 
requires an operator to perform surveillance sufficient to verify or update the results of 
the flight safety analysis. An operator must, in accordance with § 450.161(c), publicize 
warnings for each flight hazard area except for regions of land, sea, or air under the 
control of the vehicle operator, site operator, or other controlling authority with which 
the operator has an agreement. 


1.2 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The Federal Aviation Administration (FAA) will 
consider other means of compliance that an applicant may elect to present. In addition, 
an operator may tailor the provisions of this AC to meet its unique needs, provided the 
changes are accepted as a means of compliance by the FAA during review of the 
application for a license. Throughout this document, the word “must” characterizes 
statements that directly follow from regulatory text and therefore reflect regulatory 
mandates. The word “should” describes an option that, if used would constitute a means 
to comply with the regulation; variation from the provisions of this AC is possible but 
must satisfy the regulation to constitute a means of compliance. The word “may” 
describes variations or alternatives allowed within the accepted means of compliance 
set forth in this AC. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450. The guidance in this AC is for those seeking 
a launch or reentry vehicle operator license and licensed operators seeking to renew or 
modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 


3.1 


3.2 


APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


Related United States Code (U.S.C.) Statute. 


• 51 U.S.C. Subtitle V, Chapter 509. 


Related FAA Commercial Space Transportation Regulations. 
The following regulations from Title 14 of the CFR must be accounted for when 
showing compliance with 14 CFR § 450.161, Control of Hazard Areas. The full text of 
these regulations can be downloaded from the U.S. Government Printing Office e-CFR. 
A paper copy can be ordered from the Government Printing Office, Superintendent of 
Documents, Attn: New Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 450.101, Safety criteria. 


• Section 450.133, Flight hazard area analysis. 


• Section 450.137, Far-field overpressure blast effects analysis. 


• Section 450.139, Toxic hazards for flight. 


• Section 450.147, Agreements. 


• Section 450.165, Flight commit criteria. 


• Section 450.187, Toxic hazards mitigation for ground operations. 


3.3 FAA Documents. 
Note: FAA Advisory Circulars (are available through the FAA website, 
http://www.faa.gov). 


• AC 450.109-1, Flight Hazard Analysis, dated August 5, 2021. 


• AC 450.115-1A, High Fidelity Flight Safety Analysis, dated June 24, 2021. 


• AC 450.139-1, Toxic Release Hazard Analysis, when published. 


• FAA Statement of Policy on Use of Letter of Intent (LOI) Between the United States 
Coast Guard (USCG) and a Commercial Space Operator to Establish Procedures 
for Issuance of Notice to Mariners (NOTMAR) and Other Measures Necessary to 
Protect Public Health and Safety for a Launch or Reentry. 


3.4 Related Technical Reports. 


• National Research Council. Streamlining Space Launch Range Safety. The National 
 Academies Press, Washington D.C. 2000. http://www.nap.edu/catalog/9790.html. 
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4 DEFINITION OF TERMS. 
For this AC, the following terms and definitions from § 401.7 apply. 


4.1 Captain of the Port (COTP) 
United States Coast Guard (USCG) official responsible for enforcing, within their 
respective areas, port safety and security and marine environmental protection 
regulations. These regulations include, without limitation, the following: the protection 
and security of vessels, harbors, and waterfront facilities; anchorages; security zones; 
safety zones; regulated navigation areas; deep water ports; water pollution; and ports 
and waterways safety. 


4.2 Navigable Waters of the United States (navigable waterway) 
Navigable Waters refers to the territorial seas of the United States (U.S.); internal 
waters of the U.S. that are subject to tidal influence; and internal waters of the U.S. not 
subject to tidal influence that are or have been used as highways for substantial 
interstate or foreign commerce, or have been determined by a governmental or 
non-governmental body having expertise in waterway improvement to be capable of 
improvement to provide highways for substantial interstate or foreign commerce. See 
33 C.F.R. § 2.36(a). 


4.3 Navigational Telex (NAVTEX) 
NAVTEX is the primary means designated by the International Maritime Organization 
for transmitting coastal urgent marine safety information to ships worldwide. In the 
U.S., NAVTEX is broadcasted from USCG facilities. NAVTEX is part of the Global 
Maritime Distress and Safety System, which has been incorporated into the 
International Convention for the Safety of Life at Sea, 1974, to which the U.S. is a 
party. All NAVTEX broadcasts are made on 518 kHz, using narrow-band direct 
printing 7-unit forward error correcting transmission. 


4.4 Notice to Mariners (NOTMAR) 
Notice published weekly by the National Geospatial Intelligence Agency (NGA) and 
prepared jointly with the USCG and National Ocean Service. It is intended to advise 
mariners of new hydrographic discoveries, changes in channels and navigational aids, 
and information concerning the safety of navigation. It may also contain information to 
update charts and publications, information from Local Notices to Mariners (LNMs) 
published by USCG districts, and information compiled from foreign notices to 
mariners, ship reports, and similar cooperating observer reports. 


4.5 Broadcast Notice to Mariners (BNM) 
The most expedient method of disseminating important navigation safety information. 
Two agencies within the U.S., the USCG and the NGA, are responsible for broadcasting 
navigation information. Each agency has a particular geographic area of responsibility. 
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4.6 Local Notice to Mariners (LNM) 
The USCG’s primary means for disseminating navigation safety information 
concerning aids to navigation, hazards to navigation, and other items of interest to 
mariners navigating the waters of the U.S., its territories, and possessions. Each District 
Commander is responsible for issuing an LNM each week containing information that 
contributes to navigation safety and maritime security within the boundaries of the 
District. 


5 ACRONYMS. 
AC – Advisory Circular 
ADS-B – Automatic Dependent Surveillance – Broadcast 
AIS – Automatic Identification System 
ALTRV – Altitude Reservation 
ANSP – Air Navigation Service Provider 
AST – Office of Commercial Space Transportation 
ATC – Air Traffic Control 
ATCSCC – Air Traffic Control System Command Center 
ATO – Air Traffic Organization 
BMN – Broadcast Notice to Mariners 
CARF – Central Altitude Reservation Function 
CFR – Code of Federal Regulations 
COTP – USCG Captain of the Port 
DOD – Department of Defense 
FAA – Federal Aviation Administration 
FSA – Flight Safety Analysis 
GMT – Greenwich Mean Time 
HF – High Frequency 
LOI – Letter of Intent 
LNM – Local Notice to Mariners 
MF – Medium Frequency 
MLAT – Multilateration 
NAVTEX – Navigational Telex 
NGA – National Geospatial Intelligence Agency 
NOTAM – Notices to Air Missions 
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NOTMAR – Notice to Mariners 
NTM – Notice to Mariners 
OMB – Office of Management and Budget 
PC – Probability of Casualty 
RADAR – Radio Detection and Ranging 
RCC – Range Commanders Council 
U.S. – United States 
USCG – United States Coast Guard 
U.S.C. – United States Code 
VHF – Very High Frequency 
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6 CONTROL OF HAZARD AREAS – GENERAL. 
The publicizing, surveying, controlling, and evacuating of hazard areas allow for the 
mitigation of risk to the public and potential damage to property. For this reason, the 
FAA requires in § 450.133 that operators include in their flight safety analysis (FSA) a 
flight hazard area analysis that identifies each region of land, sea, or air that must be 
surveyed, publicized, controlled, or evacuated in order to control the risk to the public 
in accordance with § 450.101. Under § 450.161, an operator must implement hazard 
area controls for each identified flight hazard area prior to initiating flight of a launch 
vehicle or the reentry of a reentry vehicle to the extent necessary to ensure compliance 
with the risk criteria found in § 450.101. 


6.1 Guidance on Launch from a Federal Range. 
Note that in some cases, applicants may meet the requirements of § 450.45(b), in which 
the FAA accepts any safety-related launch or reentry service or property provided by a 
Federal launch or reentry site or other Federal entity by contract, as long as the FAA 
determines that the launch or reentry services or property provided satisfy part 450. In 
the cases where § 450.45(b) applies and the FAA has determined that a Federal site’s 
publicizing, surveillance, control, and evacuation of hazard areas satisfy § 450.161, the 
applicant could benefit from reduced uncertainty, a faster review time by the FAA, and 
a reduced need for detailed descriptions under § 450.161(d)(1) and (d)(2). 


6.2 Guidance on Flight Safety Analysis. 
As noted above, the requirements of § 450.161 are based on the results of a flight 
hazard area analysis conducted in accordance with § 450.133 as part of an FSA. 
Guidance on how to identify hazard areas of concern is available in AC 450.115-1A, 
High Fidelity Flight Safety Analysis. Section 450.133 specifies the factors that must be 
taken into account in preparing a flight hazard area analysis, including requirements for 
identifying any waterborne vessel hazard area(s), land hazard area(s), and airspace 
hazard volume(s) that must be surveyed, publicized, controlled, or evacuated in order to 
control the risk to the public. 
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7 PUBLISHING WARNINGS FOR EACH HAZARD AREA. 
In accordance with § 450.161(c), an operator must publicize warnings for each flight 
hazard area. The warnings should include land hazard areas, waterborne vessel hazard 
areas, and airspace hazard volumes. An operator is not required, per § 450.161(c), to 
publicize warnings for regions of land, sea, or air that are under the control of the 
vehicle operator, site operator, or other controlling authority with which the operator 
has an agreement. An operator may enter into an agreement with another entity who 
will publish warnings on its behalf. In accordance with § 450.161(c)(1) and (2), if an 
operator relies on another entity to publicize these warnings, the operator must 
determine whether the warnings have been issued, and notify the FAA if the warnings 
have not been issued so that the FAA can determine if the launch or reentry can be 
conducted in a manner that sufficiently protects the public. 


7.1 Clarity of Warnings. 
Before publishing warnings, an operator should ensure that the warnings contain the 
necessary information to accurately describe the location, time, and nature of the 
hazard. Warnings should be provided in a format that is clear to the receiving entity and 
to the public. Operators should follow the procedures established in their agreements 
with all entities providing warning services, as required by § 450.147. 


7.2 Methods of Publicizing Warnings for Land Hazard Areas. 
An operator should coordinate with appropriate local entities, such as launch site 
operators, local government officials, and law enforcement to publicize warnings for 
land hazard areas. Warnings may be published via local newspapers, city event 
calendars, alert messaging services, news releases, signs/placards, or by other means. 
Social media is best used as a supplementary notification, rather than a primary means 
of publicizing hazard areas. If an operator utilizes an entity to provide land hazard area 
warnings required by § 450.161, then it must have a written agreement specifying roles 
and responsibilities, as required by § 450.147(b). Physical methods for publicizing land 
hazard areas may include the use of signs, notices, placards, flags, or other visual 
warnings, that can be publicly displayed. On day of launch, a public address system, if 
available, may be used to restate warnings aurally at or near the launch or reentry site 
(e.g. loudspeakers or telephone paging). 


7.3 Methods of Publicizing Warnings for Waterborne Vessel Hazard Areas. 
Operators should coordinate with appropriate entities, including the USCG, other 
launch site operators, other applicable maritime authorities, or service providers to 
publicize warnings for waterborne vessel hazard areas in accordance with 
§ 450.147(a)(2). The primary method is to coordinate with the USCG to publicize these 
warnings in the form of NOTMARs. Flags, buoys, and other visual warnings can be 
publicly displayed on and around docks and harbors to warn mariners. Written notices 
for the hazard area may be handed out around affected docks and harbors. On day of 
launch, marine very high frequency (VHF) radio transmissions may be used to restate 
warnings aurally. VHF-FM voice broadcasts generally contain all information that 
applies to inland waters and seaward to 20 nautical miles. Medium frequency (MF) 
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broadcasts (out to 100 nautical miles) and high frequency (HF) broadcasts (out to 
200 nautical miles), delivered via NAVTEX, duplicate the VHF-FM broadcasts. 


7.4 Methods of Publicizing Warnings for Airspace Hazard Volumes. 
Operators must establish agreements for Notices to Air Missions (NOTAM) as required 
by § 450.147(a)(3) that define procedures for the issuance of NOTAMs. The following 
sub-paragraphs identify organizations responsible for the issuance of warnings for 
airspace hazard volumes. If the applicant has difficulty contacting those organizations, 
it may contact the FAA’s Office of Commercial Space Transportation (AST) for 
additional guidance. 


7.4.1 Notices to Air Missions. 
Operators should coordinate directly with the FAA’s Air Traffic Organization (ATO), 
applicable air navigation service provider (ANSP), or site operator to issue a NOTAM. 
An operator may use another entity to issue a NOTAM on its behalf if it has an 
agreement with that entity, pursuant to § 450.147(a). NOTAM information may be 
communicated via web portal, email, telephone, or by other appropriate 
communications method. A NOTAM should be issued prior to a launch or reentry, for 
closing of air routes during the respective launch and reentry windows, and for other 
measures necessary to protect public health and safety and safety of property. For 
example, notification measures necessary to protect the public, including any minimum 
times for notification, should be determined as part of the agreement development 
process with the FAA ATO, foreign ANSP, site operator, or service provider. 


7.4.2 Altitude Reservation. 
Some airspace hazard volumes that affect oceanic airspace may be implemented by the 
FAA as an Altitude Reservation (ALTRV). Operators should coordinate with the 
Central Altitude Reservation Function (CARF) at the FAA Air Traffic Control System 
Command Center (ATCSCC), or the local FAA Air Traffic Control facility, as 
appropriate, for ALTRV requests. 


7.4.3 Department of Defense. 
An operator should coordinate airspace hazard volumes affecting Department of 
Defense (DoD) airspace (e.g. Restricted Areas, Warning Areas, etc.) with the 
responsible DoD entity. An entity, such as a Federal launch range or site operator, may 
coordinate warnings for airspace hazard volumes on the operator’s behalf in accordance 
with an agreement that meets the requirements of § 450.147. 


7.4.4 Notification to Foreign Entities. 
To publicize warnings for aircraft hazard areas outside the U.S. National Airspace 
System and oceanic airspace not under the control of FAA ATO, an operator should 
enter into a Letter of Intent (LOI) with the FAA ATO for the coordination of issuance 
of NOTAMs with foreign ANSPs. Regardless of how the operator chooses to 
coordinate issuance of NOTAMs, the operator is ultimately responsible for meeting the 
requirements of §§ 450.147 and 450.161.  


8 







   


  


 
 


 


 


 


 


  
 


 


 
  


12/21/2022 AC 450.161-1 


7.5 Determining Warnings Have Been Issued in the U.S. 
To comply with § 450.161(c)(1), an operator should either (1) coordinate directly with 
the issuing government authority, such as the FAA for NOTAMs or the USCG for 
Notice to Mariners (NTMs or NOTMARs), to confirm that the warning has been issued, 
or (2) confirm that the warning has been issued using publically available information. 
If an operator relies on another entity to publish warnings, their agreement with the 
entity should specify the procedures for coordinating and confirming government 
acceptance of the warnings. 


7.6 Determining Whether Warnings Have Been Issued to Foreign Entities. 
To comply with § 450.161(c), when it is necessary to publish warnings for regions of 
land, sea, or air that are controlled by a foreign entity, operators should obtain 
confirmation that the warning has been issued from either (1) the responsible foreign 
government entity, or (2) publically available information. If an operator relies on 
another entity to publish warnings for foreign jurisdictions, their agreement with the 
entity should specify the procedures for coordinating and determining whether warnings 
have been issued. The FAA recognizes an operator may be unable to ensure publication 
of warnings by foreign Air Navigation Service Providers (ANSPs). In accordance with 
§ 450.161(c)(2), if the warnings have not been issued, the operator must notify the FAA 
so that the FAA can determine if the launch or reentry can be conducted in a manner 
that sufficiently protects the public. This notification must provide sufficient 
information to enable the FAA to issue warnings to U.S. aircraft. 
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8 PERFORMING SURVEILLANCE OF HAZARD AREAS. 
Surveillance must be performed for two reasons: 


1. As required by § 450.161(a), an operator must publicize, survey, control, or 
evacuate each flight hazard area to the extent necessary to ensure compliance with 
§ 450.101. 


2. As required by § 450.161(b), an operator must perform surveillance sufficient to 
verify or update the assumptions, input data, and results of the flight safety 
analyses. 


8.1 External Entities. 
An operator may perform the necessary surveillance or have an entity conduct the 
surveillance on its behalf. This may be a Federal Entity, as authorized under 
§ 450.45(b), or another entity. If an operator utilizes an entity to provide land 
surveillance services, it must have a written agreement specifying roles and 
responsibilities, as required by § 450.147(b). 


8.2 Sufficiency. 
To determine whether surveillance is “to the extent necessary” and “sufficient to verify 
or update assumptions,” the effectiveness of the surveillance approach should be 
commensurate with the individual and collective risks posed by the operation. Any 
method or combination of methods for surveillance has some amount of effectiveness. 


8.2.1 For example, extremely high effectiveness might be obtained by a high-density set of 
visual and infrared cameras that are monitored with both automated motion detection 
and humans monitoring feeds. A much lower effective surveillance method might be a 
request via radio to provide position updates. A measure of effectiveness is the 
probability of detecting a person in a particular environment. 


8.2.2 No surveillance method is perfect, but there should be a much lower likelihood of an 
undetected person in a region where the risk to the person is well above the individual 
risk criterion. For example, if a location has an individual risk, also known as 
probability of casualty (PC), of 1×10-4, it is a factor of 100 above the safety criteria, so 
there should be less than a 1 in 100 chance of failing to detect a person being present. 
For surveillance systems where quantitative effectiveness is not known, a qualitative 
justification for a quantitative estimate should be used. 


10 







   


 


 


  
 


  
 


  
 


  
 


 


  


 
  


 
 


 
 


 


  
 


 
  


  


  


                                                 
 


12/21/2022 AC 450.161-1 


8.3 Methods for Day-of-Flight Surveillance. 
There are multiple methods for conducting day-of-flight surveillance of hazard areas. 
An operator may use a combination of methods, if appropriate. 


8.3.1 Land Hazard Areas. 
Observers and/or security personnel may be used to monitor access points or hazard 
areas using electronic, video, or direct visual surveillance. Piloted or remotely-piloted 
aircraft may also be used for surveillance of land hazard areas. An operator may use its 
own personnel to survey land hazard areas, or it may enter into agreements with local 
law enforcement, launch site operators, or other entities to conduct surveillance. 


8.3.2 Waterborne Vessel Hazard Areas. 
An operator may monitor marine traffic using information received from Automatic 
Identification System (AIS) transmissions from waterborne vessels, which is an 
automated tracking system that displays vessels in the vicinity. An operator may utilize 
service providers to obtain real-time AIS surveillance data or use direct surveillance 
methods, such as marine radar or sonar to detect waterborne vessels. Visual observers 
(launch operator personnel or contractors) on land may be used to survey waterborne 
vessel hazard areas within visual range. Waterborne vessels may be used to assist in 
surveying hazard areas at sea. Piloted or remotely-piloted aircraft may also be used to 
survey areas of sea from above. An operator may use its own personnel to survey 
waterborne vessel hazard areas, or it may enter into agreements with the USCG, launch 
site operators, or other entities to conduct surveillance. 


8.3.3 Airspace Hazard Volumes. 
Surveillance methods may include data from Automatic Dependent 
Surveillance – Broadcast (ADS-B), Radio Detection and Ranging (RADAR), 
Multilateration (MLAT), visual observers, or other methods. An operator may use web 
or mobile-application-based ADS-B flight tracking applications to access real-time 
ADS-B data to survey aircraft hazard areas. Since not all aircraft may have operating 
ADS-B equipment,1 additional methods may be used to supplement ADS-B 
surveillance. An operator may also use visual observers, either on land, airborne, or 
both to survey for aircraft. Additionally, an operator may utilize service providers to 
obtain real-time airspace surveillance data. It may also choose to survey airspace hazard 
volumes using its own personnel and resources. 


1 See 14 CFR § 91.225. 
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8.4 Surveillance Plans to Submit with an Application. 
Pursuant to § 450.161(d)(1), an operator must provide in its application a description of 
how the applicant will provide for day-of-flight surveillance and control of flight hazard 
areas, if necessary, to ensure that the presence of any member of the public in or near a 
flight hazard area is consistent with flight commit criteria developed for each launch or 
reentry as required by § 450.165(b) to meet the risk criteria in § 450.101. Paragraphs 
8.4.1 and 8.4.2 of this AC address day-of-flight surveillance while chapter 9 of this AC 
addresses control of flight hazard areas. 


8.4.1 Description for providing Day-of-Flight Surveillance. 
The description should cover methods used for surveillance of all hazard areas 
identified in compliance with § 450.133. Day-of-flight surveillance should ensure that 
the presence of any member of the public in or near any flight hazard area is consistent 
with the assumptions and inputs to the operator’s flight safety analysis. 


8.4.2 Surveillance of Land, Sea, and Air. 
If the presence of any member of the public in or near any flight hazard area is not 
consistent with the flight commit criteria developed under § 450.165(b), an operator 
must not commence launch or reentry until such time that any public presence is 
consistent with those criteria required by § 450.165(a)(1). If surveillance is stopped 
prior to launch, latency should be taken into account. The launch decision should be 
based on surveillance that shows no public, including ship or aircraft, will transition 
into the hazard area during flight. For instance, the time it takes for a ship to traverse 
from the edge of the surveyed area to the waterborne vessel hazard area should be taken 
into account when deciding when to end surveillance prior to launch. It is recommended 
that the surveillance assets account for a buffer between the recommended clearance 
area and an area encompassing the distance a vessel could travel in this time. An 
operator’s surveillance plan should also include atmospheric limitations of sensors or 
observers, if applicable. For example, if observers will be used to determine if aircraft 
are in the airspace hazard volume below 5,000 feet, then a minimum 5,000 feet 
visibility requirement should be in the surveillance plan during the time when these 
observations take place. 
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9 CONTROLLING FLIGHT HAZARD AREAS. 
As required by § 450.161(a), an operator must publicize, survey, control, or evacuate 
each flight hazard area identified in accordance with § 450.133 prior to initiating flight 
of a launch vehicle or reentry of a reentry vehicle to the extent necessary to ensure 
compliance with § 450.101. While surveillance may help an operator detect or identify 
the presence of members of the public, control includes actions or methods of actively 
preventing access or facilitating exit of members of the public from flight hazard areas. 
The entities providing surveillance services may also provide control services if they 
have the legal authority to control access to those hazard areas. For example, security 
guards may both survey an area and control an area by preventing members of the 
public from entering a flight hazard area, or by escorting persons out of the area. The 
USCG may provide similar control measures for waterborne vessels at its discretion, 
provided that the requisite assets are available and the area under control is within U.S. 
territorial waters. As noted above, operators are required under § 450.147 to execute an 
agreement with the USCG establishing procedures for NOTMAR issuance, to be 
included with their application. The USCG and the FAA have developed a template 
Letter of Intent (LOI) that the FAA will accept as a means of compliance with 
§ 450.147(b) when submitted with an application, provided the LOI follows the 
template (including any mission details) and is signed by the applicant and relevant 
USCG office. If an operator utilizes an entity to provide flight hazard area control 
services, it must have a written agreement specifying roles and responsibilities, as 
required by § 450.147. 


9.1 Methods for Day-of-Launch Control of Land Hazard Areas. 
Security checkpoints, roadblocks, fences, barriers, or other physical controls may be 
used to control access to an area of land. An operator should determine appropriate 
locations for any physical controls, as necessary, to prevent access to the defined hazard 
areas. Appropriate locations may include highways, walkways, trails, beaches, or other 
areas that would enable access by persons on foot or in vehicles. It may be helpful to 
develop a map of the hazard area depicting locations of access points, checkpoints, 
roadblocks, and other physical controls. Security guards may also be employed to escort 
unauthorized persons out of an area or prevent persons from entering an area. For areas 
with speaker systems coverage throughout, aural warnings and directions may be used 
to direct people out of the area. In the event that a hazard area is breached, the applicant 
should have a communications plan to address how to communicate to individuals 
responsible for the launch commit criteria. Real time calculations may be accomplished 
to determine if the members of the public who are present cause the risk to exceed the 
flight commit threshold criteria. If the risk criteria threshold is exceeded, an operator 
must not commence flight of a launch vehicle or reentry of a reentry vehicle until such 
time that any public presence is consistent with those criteria, in accordance with 
§ 450.165(a)(1). 
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9.2 Methods for Day-of-Launch Control of Airspace Hazard Volumes. 
An operator should coordinate with FAA air traffic control (ATC) to manage or reroute 
aircraft so that they avoid any active airspace hazard volume(s). An operator’s 
agreement with the FAA ATO should include roles, responsibilities, and procedures for 
managing airspace hazard volumes. Operators should have a communications plan to 
address how to communicate any breach of an airspace hazard volume to the individual 
responsible for launch commit criteria. If an aircraft breaches the area, an operator may 
coordinate with the local FAA ATC facility to monitor the aircraft’s progress and, if 
possible, direct the aircraft out of the hazard area. If the presence of any member of the 
public on an aircraft in the flight hazard area is not consistent with the flight commit 
criteria developed under § 450.165, an operator must not commence launch or reentry 
until such time that any public presence is consistent with those criteria in accordance 
with § 450.165(a)(1). 
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10 CONTROLLING WATERBORNE VESSEL HAZARD AREAS. 


10.1 Commercial Space Operator Requirements for Waterborne Vessel Hazard Areas. 
Unless otherwise addressed in agreements with a launch or reentry site operator, for 
overflight of navigable water, § 450.147(a)(2) requires an operator to establish a written 
agreement with the USCG or other applicable maritime authority to establish 
procedures for the issuance of a NOTMAR prior to a launch or reentry and other 
measures necessary to protect public health and safety. To satisfy this requirement an 
operator should submit an LOI using the template LOI in appendix B as provided in the 
FAA’s Statement of Policy on Use of Letter of Intent (LOI) Between the United States 
Coast Guard (USCG) and a Commercial Space Operator in Appendix A. 


11 EVACUATION AREAS. 


11.1 Evacuation Area Procedures. 
In order to manage risks to the public, there are often areas that are evacuated where 
people are normally present. These often include public recreation areas and on-site 
non-mission personnel, and may include other areas as well. The approach to effecting 
the notification and enforcement of evacuations should be described. In some cases, not 
everyone would need to be evacuated from the area, either because the evacuation is to 
reduce collective risk or there are people who are not the public that are allowed in the 
area. Evacuation areas should become controlled areas, where there are active measures 
to prevent entry of unauthorized personnel, or surveillance areas to the extent necessary 
to ensure compliance with the risk criteria found in § 450.101. 


11.2 Evacuating the Public from Flight Hazard Areas Having Toxic Risk. 
An operator must provide a description of how it will establish flight commit criteria 
based on the results of its toxic release hazard analysis, toxic containment analysis, or 
toxic risk assessment for any necessary evacuation of the public from any toxic hazard 
area, as required by § 450.161(d)(3). The FAA recommends that an operator 
anticipating toxic hazards on its vehicle or payload reference AC 450.139-1, Toxic 
Release Hazard Analysis for means of compliance on determining sizes of hazard areas, 
flight commit criteria, as well as mitigations and controls for toxics. 


15 







   
   


   


 
    


 


 


 
 


 


 


   


 


 


  
  


 


 


 


  


                                                 
  


  


12/21/2022 AC 450.161-1 
Appendix A. 


Appendix A. Statement of Policy on Use of Letter of Intent 


A.1 STATEMENT OF POLICY ON USE OF LETTER OF INTENT 
The following is a copy of the Statement of Policy on the use of a Letter of Intent 
between the United State Coast Guard (USCG) and a Commercial Space Operator to 
issue a Notice to Mariners (NOTMAR) and the measures necessary to protect public 
health and safety. 
The updated version of the USCG Letter of Intent (LOI) Policy Statement is located 
here: 
https://www.faa.gov/space/legislation_regulation_guidance 


DEPARTMENT OF TRANSPORTATION 
Federal Aviation Administration 
14 CFR Parts 417,420,431,433,435,437, and 450 


Statement of Policy on Use of Letter of Intent (LOI) Between United States Coast Guard 
(USCG) and a Commercial Space Operator2 to Establish Procedures for Issuance of 
Notice to Mariners (NOTMAR) and Other Measures Necessary to Protect Public Health 
and Safety for a Launch or Reentry. 


AGENCY: Federal Aviation Administration (FAA), Department of Transportation 
(DOT) 


ACTION: Policy Statement 


SUMMARY: This action establishes the FAA's policy for accepting the attached LOI as 
a means of compliance with FAA regulations that require a written agreement between 
the operator and the USCG establishing procedures for the issuance of a NOTMAR 
prior to a launch or reentry. If additional measures beyond NOTMAR issuance are 
necessary to protect public health and safety, as specified in FAA regulations, the FAA 
will accept an LOI including those additional measures as an equivalent level of safety. 


DATES: The policy described herein will be effective 19 October 2022. 


FOR FURTHER INFORMATION CONTACT: For additional information 
concerning this action, contact Daniel Murray, Executive Director, Office of Operational 
Safety, via letter: 800 Independence Ave, SW, Washington, DC 20591; via email: 
9-AST-Inquiries@faa.gov; via phone: (202) 267-7793. 


2 An operator is a holder of a license or permit under 51 U.S.C. Subtitle V, chapter 509, but in this document it may 
also refer to an applicant applying for a license or permit. 
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Appendix A. 


SUPPLEMENTARY INFORMATION: The Commercial Space Launch Act of 1984, 
as amended and codified at 51 U.S.C. §§ 50901-50923, authorizes the Department of 
Transportation, and the FAA through delegation, to oversee, license, and regulate 
commercial launch and reentry activities, and the operation of launch and reentry sites as 
carried out by U.S. citizens or within the United States. The FAA, through regulations, 
exercises this responsibility consistent with public health and safety, safety of property, 
and the national security and foreign policy interests of the United States. 
51 U.S.C. 50905. To satisfy the FAA regulations, operators may use a means of 
compliance that has already been accepted by the FAA or propose an alternate approach. 
For flexibility, the FAA regulations3 allow an operator to demonstrate that an alternative 
approach provides an equivalent level of safety to a regulatory requirement. 


I. Background. 
Unless otherwise addressed in agreements with the site operator, for overflight of 
navigable water, 14 CFR § 450.147(a)(2) requires an operator to provide a written 
agreement with the USCG or other applicable maritime authority establishing 
procedures for the issuance of a NOTMAR prior to a launch or reentry and other 
measures necessary to protect public health and safety. Section 450.147(b) requires the 
agreement to clearly delineate the roles and responsibilities of each party to support a 
safe launch or reentry. The FAA requires a similar agreement between the applicant and 
USCG in §§ 420.31(a), 431.75(b)(l), and 437.63(b)(l) that establishes procedures for the 
issuance of a NOTMAR.4 Furthermore, under part 417, which sets forth the safety 
requirements for launch of an expendable launch vehicle, § 417.111(i)(5) requires an 
operator to describe its procedures to provide hazard information and communicate with 
the local USCG office to ensure that a NOTMAR is issued. 
In the past, operators complied with this requirement by entering into a Memorandum 
of Agreement (MOA) with the USCG for the issuance of a NOTMAR. The USCG 
recently advised the FAA that it will no longer enter into MOAs with commercial 
entities due to restrictions on its legal authority. In order to ensure that operators can 
continue to meet the requirement for an agreement with the USCG regarding procedures 
for NOTMAR issuance, the FAA and USCG have developed an LOI template that will 
serve as a means of compliance with the FAA regulations requiring such an agreement 
between the applicant and USCG. 


3 Sections 417.1, 420.1, 431.1, 435.1, 437.1, and 450.37 of title 14 of the Code of Federal Regulations provide 
applicants an option to demonstrate an equivalent level of safety to the requirements in parts 417 (Launch Safety), 
420 (License to Operate a Launch Site), 431 (Launch And Reentry Of A Reusable Launch Vehicle), 435 (Reentry 
Of A Reentry Vehicle Other Than A Reusable Launch Vehicle), 437 (Experimental Permits), and 450 (Launch and 
Reentry License Requirements). An applicant for a license or permit to conduct a launch or reentry or to operate a 
launch or reentry site must demonstrate compliance with the requirements of the aforementioned parts of 14 CFR 
unless the applicant clearly and convincingly demonstrates that an alternative approach provides an equivalent level 
of safety to the requirement.
4 Section 43l.75(b)(l) also applies to a reentry per§ 435.51. In addition to the requirements of part 433, per § 413.13, 
the FAA identified additional information necessary (similar to § 420.31(a)) for a determination that public health 
and safety, safety of property, and national security and foreign policy interests of the United States are protected 
during operation of a reentry site.  
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II. Discussion of the Policy. 
The FAA's policy with respect to use of the template LOI to satisfy the requirement for 
an agreement with the USCG for NOTMAR issuance is as follows: 


1. The LOI is a means of compliance with FAA regulations requiring a written 
agreement for issuance of a NOTMAR5 because it expressly provides for 
NOTMAR issuance by the USCG and contains the same information and 
coordination requirements previously required of operators under MOAs. The LOI 
template delineates the roles and responsibilities of the operator and USCG to 
support safe launch or reentry to the same extent as the MOAs previously used to 
meet this requirement. 


2. If additional measures beyond NOTMAR issuance are deemed necessary to protect 
public health and safety under 14 CFR § 450.147(a)(2), § 420.31(a), or 
§ 431.75(b)(l), the FAA may accept a version of this LOI specifying all such 
additional measures as a separate means of compliance or make an equivalent level 
of safety determination as necessary. The template also contains the language 
embodied in past MOAs regarding the USCG's intent to conduct a risk assessment 
to determine what, if any, assets are appropriate to ensure public safety during a 
launch or reentry. 


An applicant may submit an LOI that follows the attached template to demonstrate 
compliance with the following regulations requiring a written agreement with the 
USCG that establishes procedures for NOTMAR issuance: 14 CPR § 417.111(i)(S), 
§ 420.3l(a), § 43l.75(b)(l), § 437.63(b)(l), and § 450.147(a)(2). If additional measures 
beyond NOTMAR issuance are necessary to protect public health and safety under 
14 CFR § 450.147(a)(2), § 420.3l(a), or § 43l.75(b)(l), the FAA may accept an LOI that 
follows the attached LOI template and includes such additional measures as an alternate 
means of compliance or as an equivalent level of safety to those regulations as 
appropriate. 
The contents of this document do not have the force and effect of law and are not meant 
to bind the public in any way. It is intended only to provide clarity to the public 
regarding existing requirements under the law and agency policies. 


5 14 CFR § 417.ll l{i)(5), § 420.3l{a), § 431.75(b){l), § 437.63(b)(l}, and§ 450.147(a)(2). 
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Appendix B. Letter of Intent 


B.1 LETTER OF INTENT (LOI) TEMPLATE 
The following is a copy of the Letter of Intent template for a commercial space 
operator’s use in providing information regarding their intent to conduct launch and 
reentry operations to the appropriate Coast Guard District to ensure the safety of the 
Maritime Domain. 
The updated version of the LOI template is located here: 
https://www.faa.gov/space/legislation_regulation_guidance 


LETTER OF INTENT FOR COMMERCIAL SPACE ENTITY TO PROVIDE 
INFORMATION RELATED TO [LAUNCH AND REENTRY OPERATIONS] 
[AND] [LAUNCH AND REENTRY SITE OPERATIONS] TO THE UNITED 


STATES COAST GUARD RELEVANT AREA AND APPROPRIATE COAST GUARD 
DISTRICT TO ENSURE SAFETY OF THE MARITIME DOMAIN 


1. BACKGROUND. 
a. 14 C.F.R. Chapter III requires Commercial Space Operators to coordinate with 


the U.S. Coast Guard to establish procedures for the issuance of a Notice to 
Mariners and any other measures the Coast Guard deems necessary to protect 
public health and safety, prior to any launch or reentry activity licensed by the 
FAA that overflies or affects Navigable Waters. The U.S. Coast Guard’s 
authority to regulate Navigation and Navigable Waters is implemented in 33 
C.F.R. Chapter I. 


b. [Commercial Space Entity] has applied for a [license/permit] from the FAA to 
[conduct a launch / reentry or operate a launch / reentry site] at [location] under 
14 CFR [insert applicable part]. Briefly describe operations, nexus with USCG, 
and USCG Districts affected. 


2. PURPOSE. This Letter of Intent is in response to a request made to the U.S. Coast 
Guard Relevant Area from Commercial Space Entity to establish procedures for 
issuance of Notices to Mariners [Optional: and provide resources in support of its 
operations [currently planned for] [on or about] [date] from [location],] including 
launch, reentry, and recovery efforts involving a [rocket type] that may affect the 
safety and security of the maritime domain]. The U.S. Coast Guard intends to 
exercise its statutory authorities and responsibilities to safeguard the maritime 
transportation system, public safety, and marine environment with regard to these 
activities, and consistent with its statutory authority, will issue Notices to Mariners 
in its discretion. This Letter of Intent does not address Air Traffic Control 
procedures, nor does it cover other notifications required for launch operations. 
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3. SCOPE. The information contained herein establishes Coast Guard Relevant 
Area’s intent to issue Notices to Mariners in its discretion and monitor 
Commercial Space Entity’s launch/reentry operations activity within the Relevant 
Area’s area of responsibility to ensure safety and security of the maritime domain. 
The U.S. Coast Guard’s intent is specific to the locations and proposed operations 
of the subject launch/reentry areas and is designed to establish Coast Guard 
conditions and coordination procedures for launch/reentry operations. 


4. ABBREVIATIONS & DEFINITIONS. 
a. Abbreviations: 


i. AST Office of Commercial Space Transportation 
ii. BNM Broadcast Notice to Mariners 
iii. COTP Coast Guard Captain of the Port 
iv. FAA Federal Aviation Administration 
v. GMT Greenwich Mean Time 
vi. LAA Limited Access Area 
vii. LNM Local Notice to Mariners 
viii. NAVTEX NAVigation TEleX 
ix. NGA National Geospatial-Intelligence Agency 
x. NSRA Navigation Safety Risk Assessment 
xi. RLV Reusable Launch Vehicle 


b. Definitions: 
i. Captain of the Port (COTP): Captains of the Port and their representatives 


enforce, within their respective areas, port safety and security and marine 
environmental protection regulations. These regulations include, without 
limitation, the following: the protection and security of vessels, harbors, and 
waterfront facilities; anchorages; security zones; safety zones; regulated 
navigation areas; deep water ports; water pollution; and ports and 
waterways safety. 


ii. Limited Access Area (LAA): Tool used to control movement of marine 
traffic and limit access to all or a portion of the waterway to provide safety 
and security for mariners, vessels, and maritime critical infrastructure, and 
manage the use of navigable waterways for commerce and environmental 
protection. LAAs could be a tool used to mitigate risks identified through a 
Navigation Safety Risk Assessment (NSRA). 


iii. U.S. Coast Guard District: A Coast Guard District Commander is in 
command of a Coast Guard District and the District Commander’s office 
may be referred to as a Coast Guard District Office. For the purposes of this 
letter of intent, the “Local U.S. Coast Guard District” refers to the Relevant 
USCG District(s) and location (City, State). 
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iv. Navigation Safety Risk Assessment (NSRA): Tool used by the COTP when 
preparing input for the permitting agency regarding port or waterway safety 
issues associated with a project located on, over, or near the navigable 
waters of the United States. The assessment helps the COTP identify 
potential navigation risks and is the basis of any recommendation to the 
permitting agency. 


v. Navigable Waters of the United States (navigable waterway): Navigable 
Waters refers to the territorial seas of the United States (all waters seaward 
of the baseline to 12 nautical miles (NM)); internal waters of the United 
States that are subject to tidal influence; internal waters of the United States 
not subject to tidal influence, but that are or have been used, are or have 
been susceptible for use, as highways for substantial interstate or foreign 
commerce, have been determined by a governmental or non-governmental 
body, having expertise in waterway improvement, that they are capable of 
improvement to constitute highways for substantial interstate or foreign 
commerce; and other waters over which the Federal Government may 
exercise Constitutional authority. See 33 C.F.R. § 2.36(a). 


vi. NAVTEX: The International Maritime Organization has designated 
NAVTEX as the primary means for transmitting coastal urgent marine 
safety information to ships worldwide. In the United States, NAVTEX is 
broadcasted from Coast Guard facilities. NAVTEX is part of the Global 
Maritime Distress and Safety System, which has been incorporated into the 
International Convention for the Safety of Life at Sea, 1974, to which the 
United States is a party. All NAVTEX broadcasts are made on 518 kHz, 
using narrow-band direct printing 7- unit forward error correcting 
transmission. 


vii. Notice to Mariners: 
a. Broadcast Notice to Mariners (BNM): Broadcast Notice to 


Mariners is the method by which important navigation safety 
information is disseminated in the most expedient manner. Two 
agencies within the United States, the U.S. Coast Guard and the 
National Geospatial-Intelligence Agency (NGA), are responsible 
for broadcasting navigation information. Each agency has a 
particular geographic area of responsibility. 
i. USCG: Broadcast Notice to Mariners are issued via voice and 


NAVTEX. As a general rule, VHF-FM voice broadcasts will 
contain all information that applies to inland waters and 
seaward to 20 nautical miles. Medium frequency (MF) 
broadcasts (out to 100 nautical miles) and high frequency (HF) 
broadcasts (out to 200 nautical miles), delivered via 
NAVTEX, duplicate the VHF-FM broadcasts. 
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ii. NGA: In support of the Global Maritime Distress and Safety 
System (GMDSS), NGA Broadcast Warnings are promulgated 
by the Worldwide Navigational Warnings Service (WWNWS) 
to provide rapid dissemination of information critical to 
navigation and the safety of life at sea. Navigational Warnings 
are issued regularly and contain information about persons in 
distress, or objects and events that pose an immediate hazard 
to navigation. NGA broadcasts contain information that 
concerns ocean waters beyond approximately 150 nautical 
miles from shore. 


b. Local Notice to Mariners: The Local Notice to Mariners is the 
Coast Guard’s primary means for disseminating navigation safety 
information concerning aids to navigation, hazards to navigation, 
and other items of interest to mariners navigating the waters of the 
United States, its territories, and possessions. Each District 
Commander is responsible for issuing a Local Notice to Mariners 
each week containing information that contributes to navigation 
safety and maritime security within the boundaries of the District. 


c. Notice to Mariners: The Notice to Mariners is published weekly by 
the NGA and prepared jointly by the USCG, National Ocean 
Service, and the NGA. It is intended to advise mariners of new 
hydrographic discoveries, changes in channels and navigational 
aids, and information concerning the safety of navigation. It also 
contains information to update charts and publications, information 
from Local Notices to Mariners published by USCG districts, and 
information compiled from foreign notices to mariners, ship 
reports, and similar cooperating observer reports. 


viii. [Reusable Launch Vehicles: Reusable Launch Vehicle (RLV) means a 
launch vehicle that is designed to return to Earth substantially intact and 
therefore, may be launched more than one time or that contains vehicle 
stages that may be recovered by a launch operator for future use in the 
operation of a substantially similar launch vehicle.] [Launch vehicle means 
a vehicle built to operate in, or place a payload in, outer space or a 
suborbital rocket.] [Reentry vehicle means a vehicle designed to return from 
Earth orbit or outer space to Earth substantially intact. A reusable launch 
vehicle that is designed to return from Earth orbit or outer space to Earth 
substantially intact is a reentry vehicle.] [Expendable launch vehicle means 
a launch vehicle whose propulsive stages are flown only once.] 


ix. USCG Relevant Area: Refers to the Commander of the Relevant Area and 
responsible for determining when operational matters require the 
coordination of forces and facilities of more than one Coast Guard District. 
The geographic boundary for the Relevant Area is available at 33 C.F.R. 
Subpart 3.04. The Relevant Area Commander provides operational 
oversight of USCG Districts XX, XX, XX, XX, and XX for the purposes of 
this LOI. 
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5. Commercial Space Entity Requirements. Commercial Space Entity will: 
a. Operations Plans: Commercial Space Entity will provide current copies of the 


following plans to the Coast Guard: 
i. Ship Hazard Area or Restricted Hazard Area, as defined through Range 


Commanders Council, Common Risk Criteria Standards for National Test 
Ranges 321, section 3.4. This includes a Ship Hazard Area/Restricted 
Hazard Area diagram describing the projected impact area of debris 
fragments (shown in Appendix list appendices); 


ii. Mishap Plan that includes all information to facilitate the immediate 
notification of primary points of contact listed in Section 7 and Appendix A, 
in the event of a launch or reentry site accident over or adjacent to navigable 
waters, and/or within the Coast Guard District areas of responsibility. 


b. Response Plans: Commercial Space Entity will provide current copies of a 
Response Plan to Coast Guard Relevant Area Prevention Operations Planning 
Branch, and list Relevant USCG Districts Waterways Management Branches. 
This Response Plan will include the procedures necessary to contain, minimize 
the adverse effects of, and respond to the foreseeable consequences of a mishap, 
as such term is defined in 14 C.F.R. § 401.7, occurring in the conduct of the 
[launch and/or reentry] reentry accident, reentry incident, or other mishap, as 
such terms are defined in 14 C.F.R. § 401.5, occurring in the conduct of an 
FAA-licensed activity, and at a minimum, will include procedures to mitigate 
hazards to public health and safety, and the contamination of waterways and 
adjacent coastline. 


c. Scheduling and Notification Activities: 
i. Commercial Space Entity will annually provide the Relevant Area 


Commander a launch and reentry schedule forecast for the fiscal year, as it 
is known at the time, by 30 September. 


ii. Commercial Space Entity will provide, to the extent reasonably practicable, 
not less than 10 business days of advance notice of the launch and reentry 
schedule. 


iii. (R-30 days) Commercial Space Entity will submit reentry information, 
where applicable, at least 30 days prior to scheduled reentry or as soon as 
practicable for contingency reentry. 


a. Commercial Space Entity will provide this reentry information to: 
i. Relevant Area Prevention Operations Planning Branch; 
ii. Relevant District Waterways Management Branch(es), who 


will request an LNM article via list Relevant Districts’ LNM 
email addresses; and 


iii. Relevant Sector Waterways Management Division(s). 
b. Reentry information should include the following: 
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i. Mission Designator; 
ii. Vehicle type and reentry description; 
iii. Primary, secondary, and contingency reentry dates and times 


in GMT; 
iv. Restricted Hazard Area perimeter coordinates in degrees, 


minutes, and seconds to three decimal places, if applicable. 
v. Recovery Officer contact information. 


iv. (NLT T-72 hours) Commercial Space Entity will contact the following: 
a. Relevant Sector Level: Relevant Sector Waterways Management 


Divisions and Sector Command Centers, to request issuance of a 
Broadcast Notice to Mariners (BNM) to provide [launch] [reentry] 
information and any other specific information needed by 
mariners. This communication is important because it will, subject 
to the discretion of the Coast Guard Captain of the Port, result in 
the Coast Guard issuing a NAVTEX broadcast; 


b. Relevant District Level: 
i. Relevant District Waterways Management Branch(es) to 


confirm reentry information for the LNM; 
ii. District Command Center(s), to ensure general awareness and 


monitoring and to trigger LNM issuance, at the discretion of 
the District Commander, for [launch] [reentry] activities 
occurring within 150 miles from shore; 


c. NGA may issue Navigation Area XII or HYDROPAC warning 
notifications for launch/reentry activities occurring over water 
seaward of 150 nautical miles offshore. Reentry information 
should be sent to navsafety@nga.mil and may also be relayed via 
voice at (571) 557-5455. 


d. Chain of communications: Commercial Space Entity will inform 
the Relevant Area’s Prevention Operations Planning Branch of all 
communications with an engaged District (dpw) and will inform 
the relevant District of all communications with an engaged Sector. 


d. Limited Access Area (LAA) activation, coordination and enforcement: Describe 
LAA activation, coordination and enforcement. If no LAAs are required, input 
“The Coast Guard Operational Commander has determined that no LAAs are 
required for safe operation for this event.” 
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6. Coast Guard Intent. 
a. Upon receipt of the information relating to any launch, reentry, or recovery 


operation from Commercial Space Entity, Coast Guard Relevant Area intends to: 
i. Assess the information received for potential effects in or to the maritime 


domain; 
ii. Discuss the information received with relevant Districts and Sectors to 


allow local Coast Guard leaders to make a risk-based assessment of the 
need for resources; 


iii. Conduct a risk assessment to determine what, if any, assets are appropriate 
to ensure public safety and that commerce is not adversely affected by the 
launch, reentry, or recovery; 


iv. Issue appropriate public advisories, such as Notices to Mariners (e.g. LNM 
and BNM), for Commercial Space Entity launches, reentries, and 
recoveries; and 


v. Communicate Coast Guard actions in response to Commercial Space 
Entity’s planned recovery operations to Commercial Space Entity and other 
stakeholders, as appropriate. 


vi. Limitations: The Coast Guard cannot commit a specific number or type of 
asset(s) because of the dynamic nature of Coast Guard operations, the 
potential for competing missions, and vessel or personnel limitations. Upon 
notification of an imminent [launch] [reentry], the Coast Guard will 
determine asset availability based on factors that include, but are not limited 
to, the following: whether the spacecraft is crewed and by whom, weather 
and sea state at the splashdown location, competing or ongoing missions, 
potential hazards to Coast Guard personnel and the public, anticipated 
public presence at the splashdown location, and the presence of private 
resources arranged for the operation. 


b. Coast Guard District(s) list relevant USCG Districts Waterways Management 
Branches intend to engage in the following scheduling and notification 
activities: 
i. Receive and review annual forecast of scheduled [launches] [reentries] 


provided by Commercial Space Entity; 
ii. Endeavor to publish [launch] [reentry] information at least 15 days prior to 


[launch] [reentry] in the Local Notice to Mariners, at the discretion of the 
operational commander and subject to operational limitations; 


iii. Fulfill any other statutory responsibility pertaining to USCG jurisdiction 
and authorities, subject to the discretion of the Relevant District 
Commander; 


iv. Consult with Commercial Space Entity on all matters related to navigation 
safety pertaining to space transportation, as appropriate. 
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c. Nothing in this letter prevents Coast Guard Area, District, Sector, or local unit 
commanders from exercising their discretion to take necessary action, consistent 
with law and regulation, to protect the safety and security of lives and property 
in areas and aboard vessels in which the Coast Guard may exert jurisdiction. 


7. POINTS OF CONTACT. The primary points of contact for this Letter of Intent 
will be the Chief, Prevention Operations Planning Branch (PAC/LANT-54) of 
Coast Guard Relevant Area, list relevant USCG Districts Waterways Management 
Branches, Coast Guard Sectors list relevant USCG Sectors Waterways 
Management Branches, and Commercial Space Entity’s primary contact. Contact 
details are in Appendix A. 


8. OTHER PROVISIONS. 
a. Commercial Space Entity will immediately notify the Coast Guard in the event it 


is unable to fulfill any of the requirements covered by this Letter. 
b. This Letter represents the entire intent of the Coast Guard and supersedes any 


prior letters, arrangements, or agreements between the Coast Guard and 
Commercial Space Entity with respect to the subject matters referenced in this 
Letter. 


c. No provision of this Letter of Intent should be interpreted to require obligation 
or payment of funds in violation of the Anti-Deficiency Act, 31 U.S.C. § 1341. 
Furthermore, no provision of this Letter of Intent is intended to conflict with 
current law or regulation or the directives of the U. S. Coast Guard or 
Department of Homeland Security. If a term of this Letter is inconsistent with 
such authority, then that term shall be invalid, and is severable from the rest of 
this Letter. 


ISSUED BY: 


VADM Date 
Commander, Coast Guard Relevant Area 


ACKNOWLEDGED BY: 


Commercial Space Entity’s Signature Authority Date
Title, Commercial Space Entity 


Appendix (A) Specific Points of Contact 
Appendix (B) Restricted Hazard Areas 
Appendix (C) Coast Guard District/COTP Zones 
Appendix (D) Composite Restricted Hazard Area Maps 


26 







    


 
 


 
 


 


  


 
 


  


 
 


  


 
  


   


 
    


 


 


 
 


 
 


 
 


   
 


      
 


 
  


12/21/2022 AC 450.161-1 
Appendix B. 


LETTER OF INTENT 


Appendix A – Primary Points of Contact (include all relevant Sector, District, and Area 
contacts) 


OFFICE NUMBER RESPONSIBILITY 


Commercial Space Entity’s Primary 
Contact Office/Department 


Email address 
xxx-xxx-xxxx Input responsibility 


Commercial Space Entity’s Recovery 
Officer 


Email address 
xxx-xxx-xxxx Input responsibility 


Coast Guard Relevant Area Prevention 
Operations Planning Branch 


Shared Email@uscg.mil 
xxx-xxx-xxxx Chief, Prevention Ops 


Planning Branch 


Coast Guard District XXXX Waterways 
Management 


Shared Email@uscg.mil 
xxx-xxx-xxxx Chief, Waterways 


Management 


Coast Guard District XXXX LNM Editor 
Shared Email@uscg.mil xxx-xxx-xxxx Publication of Local Notice 


to Mariners 


LETTER OF INTENT 


Appendix B –Restricted Hazard Areas 
The following is the restricted hazard area name restricted hazard area associated with a 


terrestrial landing site name landing: 


INSERT GRAPHICS/IMAGES HERE 


INSERT RESTRICTED HAZARD AREA LATITUDE/LONGITUDE COORDINATES 
HERE (INCLUDE DEGREES/MINUTES/SECONDS AND DECIMAL DEGREES 


FORMAT) 
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LETTER OF INTENT 


Appendix C – Coast Guard Relevant Area and Restricted Hazard Areas 


INSERT GRAPHICS/IMAGES HERE 


1. See 33 C.F.R. 3.55 through 33 C.F.R. 3.85 for Coast Guard Relevant Area/District boundaries. 


LETTER OF INTENT 


Appendix D – Composite Restricted Hazard Area Maps 


(THIS SECTION MAY NOT BE NEEDED IF ONLY ONE 


RESTRICTED HAZARD AREA EXISTS) 


INSERT GRAPHICS/IMAGES HERE 
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Appendix C. Section 3.4 of RCC 321-16 Common Risk Criteria Standards for National 
Test Ranges 


C.1 REFERENCE SECTION FROM RCC 321-16 
The following is Paragraph 3.4 Ship Protection from the Range Commanders Council 
Range Safety Group Standard 321-16, Common Risk Standards for National Test 
Ranges, dated August 2016. Operators should ensure they are referencing the most 
recent issue of this standard before notifying the FAA and U.S.C.G of an intent to 
conduct launch and reentry operations. 


3.4 Ship Protection 
The term “ship” includes boats and watercraft of all sizes. 


3.4.1    Non-Mission Ship Criteria 
a. Ship Warning Areas.  Notices to Mariners (NOTMARS) shall be issued to warn 


non-mission ships of regions defined by one of the following approaches.
1. where the probability of debris capable of causing a casualty impacting 


on or near a vessel exceeds 10E-6 (1E-5), accounting for all relevant 
hazards; or


2. the union of the areas where the individual probability of casualty for 
any person onboard exceeds the criteria in a of Subsection 3.2.1, the 
collective casualty expectation for an individual ship would exceed the 
criterion in b of Subsection 3.2.1, and the catastrophic risk for an 
individual ship would exceed the provisional criteria outlined in 
Section 3.6.


In some situations, warnings may be optional when expected ship traffic in the 
affected area is low and adequate observation will be performed. 


b. Non-Mission Ship Risk Criteria. People on observed non-mission ships shall be
included in the determination of compliance with collective risk criteria in b of
Subsection 3.2.1 and provisional catastrophic criteria in c of Subsection 3.2.1.
Observation to locate non-mission ships is an acceptable method to ensure
compliance, provided that suitable observation techniques are used to include
the region(s):


1. where the individual probability of casualty exceeds the criteria in a of
Subsection 3.2.1; and


2. where the collective casualty expectation or provisional catastrophic
risk criteria (b or c of Subsection 3.2.1, respectively) would be
exceeded given a conservative estimate of typical ship traffic.
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3.4.2   Mission-Essential Ship Criteria. 
a. Mission-Essential Ship Hazard Areas. Mission-essential ships will be restricted


from hazard areas defined by either: 


1. the region where the probability of debris capable of causing a 
casualty impacting on or near vessel exceeds 100E-6 (1E4, accounting 
for all relevant hazards; or


2. The union of the areas where the individual probability of casualty for 
an exposed person onboard exceeds the criteria of Subsection 3.2.2, 
the collective risk criteria in b of Subsection 3.2.2, or the catastrophic 
risk criteria in c of Subsection 3.2.2.


b. Mission-Essential Ship Risk Criteria. Ship-board MEP shall be included in the
assessment of compliance with the collective risk criteria in b of Subsection
3.2.2 and catastrophic risk criteria in c of Subsection 3.2.2.


3.4.3   Ship Hazard Areas for Debris Releases 
The range must confirm that NOTMARs are issued for each planned debris release 
event that encompasses the areas and durations necessary to satisfy the risks as 
described in a of Subsection 3.4.1 or contain, with 99% probability of containment, all 
resulting debris impacts capable of causing a casualty. 


3.4.4 Mishap Response 
The range must coordinate with the United States Coast Guard or other appropriate 
authorities to ensure timely notification of any ship traffic hazard associated with range 
activities. In the event of a mishap, the range must promptly inform the appropriate 
authority(s) of the area and duration of navigable waters where a ship hazard is 
predicted. 
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OMB Control Number: 2120-0746 
Expiration Date: 11/30/2024 


Advisory Circular Feedback Form 


Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not required 
to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information subject to the 
requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid OMB Control 
Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for this collection of 
information is estimated to be approximately 5 minutes per response, including the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of 
information. All responses to this collection of information are voluntary per FAA Order 1320.46D Send comments 
regarding this burden  estimate or any other aspect of this collection of information, including suggestions for reducing this 
burden to: Information Collection Clearance Officer, 800 Independence Ave, Washington, D.C. 20590. 


If you find an error in this AC, have recommendations for improving it, or have suggestions for 
new items/subjects to be added, you may let us know by (1) emailing this form to 
ASTApplications@faa.gov, or (2) faxing it to (202) 267-5450. 


Subject: (insert AC title/number here) Date: Click here to enter text. 


Please check all appropriate line items: 


o An error (procedural or typographical) has been noted in paragraph Click here to 
enter text. on page Click here to enter text.. 


o Recommend paragraph Click here to enter text. on page Click here to enter 
text. be changed as follows: 


Click here to enter text. 


o In a future change to this AC, please cover the following 
subject: (Briefly describe what you want added.) 


Click here to enter text. 


o Other comments: 


Click here to enter text. 


o I would like to discuss the above. Please contact me. 


Submitted by: Date: 


FAA Form 1320-73 (09/22) SUPERSEDES PREVIOUS EDITIONS 
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1 PURPOSE. 


1.1 This Advisory Circular (AC) provides guidance and an acceptable method, but not the 


only method, for developing a mishap plan under title 14 CFR § 450.173. This AC 


includes recommendations based on lessons learned from past mishaps and insights 


gained from reviews of mishap plan submittals. This AC does not constitute a 


regulation and does not contain requirements, but is intended to assist applicants in 


obtaining commercial space authorizations and operating in compliance with 


commercial space regulations. 


1.2 Section 450.173 states that an operator must report, respond to, and investigate mishaps, 


as defined in § 401.7, using a written plan that meets the requirements of this section. 


An operator must: 


 Document responsibilities for personnel assigned to report and investigate mishaps; 


 Document the roles and responsibilities of the launch operator and any site operator 


for reporting, responding to, and investigating mishaps during ground activities at 


the site; 


 Immediately notify the FAA Washington Operations Center of a mishap that 


involves a fatality or serious injury in accordance with § 450.173(c)(1). 


 Notify the FAA Washington Operations Center of a mishap that does not involve a 


fatality or serious injury within 24 hours in accordance with § 450.173(c)(2). 


 Submit a written preliminary report to the FAA Office of Commercial Space 


Transportation within five days of any mishap in accordance with § 450.173(c)(3). 


 Activate emergency response services, maintain hazard areas to protect the public, 


and preserve data and physical evidence following a mishap in accordance with 


§ 450.173(d). 


 Investigate root causes and report investigation results of a mishap in accordance 


with § 450.173(e). 


 Identify and implement preventative measures to avoid recurrence of a mishap in 


accordance with § 450.173(f). 


 Maintain records associated with a mishap in accordance with § 450.219(b). 


1.3 Level of Imperatives.  


This AC presents one, but not the only, acceptable means of compliance with the 


associated regulatory requirements. The FAA will consider other means of compliance 


that an applicant may elect to present. Throughout this document, the word “must” 


characterizes statements that directly flow from regulatory text and therefore reflect 


regulatory mandates. The word “should” describes a requirement if electing to use this 


means of compliance; variation from these requirements is possible, but must be 


justified and approved as an alternative means of compliance. The word “may” 


describes variations or alternatives allowed within the accepted means of compliance 
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set forth in this AC. In general, these alternative approaches can be used only under 


certain situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators, 


experimental permittees, and site operators required to comply with 14 CFR part 450. 


The guidance in this AC is for those seeking a launch or reentry vehicle operator 


license, and any licensed operator seeking to renew or modify an existing vehicle 


operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 


guidance is not legally binding in its own right, and the FAA will not rely upon this 


guidance as a separate basis for affirmative enforcement action or other administrative 


penalty. Conformity with this guidance document (as distinct from existing statutes and 


regulations) is voluntary only, and nonconformity will not affect rights and obligations 


under existing statutes and regulations. This AC describes acceptable means, but not the 


only means, for demonstrating compliance with the applicable regulations. The FAA 


will consider other means of compliance that an applicant may elect to present. 


2.3 The material in this AC does not change or create any additional regulatory 


requirements, nor does it authorize changes to, or deviations from, existing regulatory 


requirements. 


3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related Statute. 


 51 U.S.C. Subtitle V, Chapter 509. 


3.2 Related Regulations. 


The following regulations from title 14 of the CFR must be accounted for when 


showing compliance with § 450.173. The full text of these regulations can be 


downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 


ordered from the Government Printing Office, Superintendent of Documents, Attn: New 


Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


 Section 401.7, Definitions. 


 Section 420.59, Mishap plan. 


 Section 420.61, Records. 


 Section 437.41, Mishap plan. 


 Section 437.87, Records. 


 Section 450.147(a)(4), Mishap response. 



http://www.ecfr.gov/
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 Section 450.155(a)(3), Readiness. 


 Section 450.173, Mishap Plan – Reporting, Response, and Investigation 


Requirements. 


 Section 450.189(e), Emergency Procedures. 


 Section 450.219, Records. 


3.3 Related FAA Documents. 


FAA documents (are available through the FAA website, http://www.faa.gov). 


 AC 437.73-1, Anomaly Reporting and Corrective Action for a Reusable Suborbital 


Rocket Operating Under an Experimental Permit, dated April 20, 2007. 


 FAA Order 8020.11D, Aircraft Accident and Incident Notification, Investigation, 


and Reporting, dated May 10, 2018. 


3.4 Related Documents. 


3.4.1 Department of Transportation (DOT), Pipeline and Hazardous Materials Safety 


Administration (PHMSA), Emergency Response Guidebook, 


http://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg. 


3.4.2 National Aeronautics and Space Administration (NASA) NPR 8621.1D, NASA 


Procedural Requirements for Mishap and Close Call Reporting, Investigating, and 


Recordkeeping, effective July 6, 2020, 


https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8621&s=1C. 


3.4.3 National Transportation Safety Board (NTSB), Aviation Investigation Manual Major 


Team Investigations, dated November 2002, https://www.ntsb.gov. 


4 DEFINITION OF TERMS. 


For this AC, the terms and definitions from § 401.7, and this list, apply. 


4.1 Preventative Measure. 


An action taken to prevent or eliminate the technical and organizational root causes of a 


mishap in order to avoid a recurrence of the event. 


4.2 Root Cause. 


An event or condition, primarily associated with organizational factors, that resulted in 


the occurrence of a mishap, which if eliminated or modified, would have prevented the 


mishap from occurring. Typically, multiple causes contribute to a mishap.  



http://www.faa.gov/

http://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg

https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8621&s=1C

https://www.ntsb.gov/
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5 OVERVIEW OF MISHAP PLAN. 


Section 450.173 requires an operator to report, respond to, and investigate mishaps as 


defined in § 401.7, using a written mishap plan that meets the requirements of 


§ 450.173. 


5.1 Mishap Plan Submittal. 


To satisfy the regulatory requirements of § 450.173, an applicant must submit a written 


mishap plan, or other written means, containing processes and procedures for reporting, 


responding to, and investigating a mishap in accordance with § 450.173(b) through (g). 


The processes and procedures outlined in an applicant’s mishap plan should contain 


sufficient detail to allow for FAA evaluation and approval, and for the applicant to 


implement the plan in the event of a mishap. Simply stating that an item complies with 


a regulatory requirement is insufficient to demonstrate compliance. 


5.1.1 Other Written Means. 


In lieu of submitting a written mishap plan, an applicant may submit other written 


documentation to demonstrate compliance with § 450.173. Other written means may 


include, but are not limited to, the following: 


 Checklists; 


 Electronic procedures; 


 Service contracts (i.e. range emergency service contracts); or 


 Agreements (i.e. including Launch Site Operator agreements). 


5.2 Document Markings. 


5.2.1 Proprietary Information. 


If an applicant’s mishap plan contains information considered proprietary, trade secrets, 


or competition sensitive, the FAA recommends marking the plan in accordance with 


14 CFR § 413.9. 


5.2.2 Export Controlled Information. 


If an applicant’s plan contains technical data subject to International Traffic in Arms 


Regulations (ITAR), 22 CFR parts 120-130, the FAA recommends marking the plan 


accordingly. 


5.3 Document Applicability. 


To facilitate review of a mishap plan, the FAA recommends that applicants identify 


whether the mishap plan is applicable to a single launch vehicle type, configuration, 


location, or applicable to multiple vehicles and locations. 


5.4 Document History and Version Control. 


An applicant should include information regarding document’s history and a version 


control table, similar to the example given in Table 1 of this AC, to record the details of 


document changes over time. Document history and version control tables allow 
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personnel accessing the mishap plan to verify the most current version, when it was last 


changed, what was changed, and who approved the change. This section of the mishap 


plan should also identify the individual, by title or position, who is responsible for the 


issuance and revision control of the mishap plan. 


Table 1 – Sample Version Control Table 


Version Description Approval Authority Approval Date 


Revision 


history 


Brief description 


of change 


Printed name and title of 


individual approving change 


Date revision is 


approved 


The applicant is responsible for ensuring the representations contained in the 


application are accurate for the entire term of the license. In accordance with § 450.211, 


once the FAA issues a license, the applicant must apply for a license modification if any 


of the following situations occur: 


 The licensee proposes to conduct a launch or reentry in a manner not authorized by 


the license; or 


 Any representation contained in the license application that is material to public 


health and safety or the safety of property is no longer accurate and complete or 


does not reflect the licensee’s procedures governing the actual conduct of a launch 


or reentry. 


Policy or procedural changes made to an approved mishap plan are material to public 


health and safety and require a license modification. 


5.5 List of Abbreviations and Acronyms. 


An applicant should include a list of all abbreviations and acronyms used in the mishap 


plan. Such a listing reduces confusion with like terms and those terms unique to a 


specific organization. The applicant should spell out the definition of each 


abbreviation/acronym at its first occurrence in a mishap plan. 


5.6 What Constitutes a Mishap? 


The FAA’s mishap definition in § 401.7 describes nine events that would constitute a 


mishap. This section breaks down each of those descriptions in § 401.7, by providing 


further clarification and examples of events that would constitute a mishap. The 


occurrence of any of these events during the scope of licensed or permitted activities 


constitutes a mishap and must be reported to the FAA in accordance with § 450.173(c). 


Per § 401.7, a Mishap means any event, or series of events associated with a licensed or 


permitted activity resulting in any of the following: 


1. A fatality or serious injury (as defined in 49 CFR 830.2); 


 Fatal Injury means any injury, which results in death within 30 days of the 


accident. 


 Serious Injury means any injury that: 
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o Requires hospitalization for more than 48 hours, commencing within 


seven days from the date of the injury was received; 


o Results in a fracture of any bone (except simple fractures of fingers, 


toes, or nose); 


o Causes severe hemorrhages, nerve, muscle, or tendon damage; 


o Involves any internal organ; or 


o Involves second- or third-degree burns, or any burns affecting more 


than five percent of the body surface. 


2. A malfunction of a safety-critical system; 


 As defined in § 401.7: “Safety critical means essential to safe performance or 


operation. A safety-critical system, subsystem, component, condition, event, 


operation, process, or item, is one whose proper recognition, control, 


performance, or tolerance, is essential to ensuring public safety and the safety 


of property.” 


 As noted in § 450.107(d)(2), an applicant must identify all safety-critical 


systems as part of their application. In addition, § 450.143(f)(1) requires an 


applicant to submit a list and description of each safety-critical system as part 


of its application. 


 The FAA considers the malfunction of any system identified as safety critical 


under § 450.107(d)(2) to constitute a mishap. For example, the FAA would 


consider the failure of a flight safety system to activate when commanded, 


following a violation of flight safety rules to be a malfunction of a 


safety-critical system. 


3. A failure of the licensee’s or permittee’s safety organization, safety operations, or 


safety procedures; 


 “Failure of a safety organization” occurs when an operator fails to complete 


an action expected or required by the safety organization, or when the 


organization stops functioning normally, such that it creates a public safety 


risk. 


 For example, the FAA would consider an operator’s failure to follow existing 


safety processes or procedures, thereby placing the public at risk, a failure of a 


safety organization, safety operation, or safety procedure. Additional 


examples include: (1) the failure of safety official (safety-critical personnel) to 


communicate a hold condition (safety process) upon a violation of launch 


commit criteria (safety procedures); (2) a safety official failing to report 


potential safety matters to the mission director; or (3) the failure of an 


organization to recognize and mitigate a hazard, resulting in a public safety 


risk. 


4. High risk, as determined by the FAA, of causing a serious or fatal injury to any 


space flight participant, crew, government astronaut, or member of the public; 
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 With this criterion, the FAA intends to cover events akin to a near miss in the 


aviation industry. This approach is consistent with the United States Air Force 


and NASA practices. 


 The FAA would consider any off-nominal event during pre-flight or flight 


operations that posed a high probability of fatality or serious injury to 


spaceflight participants, crew, government astronauts, or the public, to be 


“high risk.” 


5. Substantial damage, as determined by the FAA, to property not associated with 


licensed or permitted activity; 


 The FAA will determine, on a case-by-case basis, whether damage to property 


not associated with the licensed activity is “substantial damage.” The FAA 


will base its determination on such factors as direct replacement cost, repair 


cost, and the property’s intended use and functionality. When making a 


substantial damage determination, the FAA will include damage caused by 


debris impacts, toxic plumes, and fires ignited by the vehicle or its debris. 


 For example, The FAA would consider structural damage to public property 


exceeding 50 percent of its market value resulting from a failed launch 


attempt and subsequent post-impact fire to be substantial damage. 


Note: If an operator is unsure whether damage to public property is a 


reportable mishap, they should contact the FAA for further clarification. 


6. Unplanned substantial damage, as determined by the FAA, to property associated 


with licensed or permitted activity; 


 The FAA will evaluate unplanned damage to property associated with a 


licensed or permitted activity on the same basis as damage to property not 


associated with the activity. 


 Unplanned damage examples may include a major repair or replacement of 


launch facilities due to an unsuccessful launch attempt, including processing 


facilities, launch pads, or propellant tanks, based on cost of repair, 


replacement, or loss of use. Similar to the NTSB’s definition of “substantial 


damage” (49 CFR 830.2), the FAA may deem any damage that adversely 


affects the structural, performance, or flight characteristics of a launch or 


reentry vehicle which normally require major repair or replacement of the 


affected component, to be substantial. 


 In accordance with § 450.175(b), potential test-induced damages 


pre-coordinated with the FAA prior to licensed activities taking place are 


exempt from mishap classification. 


Note: The test-induced damage exemption applies only to licensed 


activities. 


Note: If an operator is unsure whether damage to property associated with 


a licensed or permitted activity is a reportable mishap, they should contact 


the FAA for further clarification. 
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7. Unplanned permanent loss of a launch or reentry vehicle during licensed activity or 


permitted activity; 


 Under this criterion, the FAA intends to capture other events that may have 


future public safety implications. 


 For example, an authorized activity may result in the complete loss of a 


licensed or permitted vehicle in a remote and unpopulated area. Although the 


loss may not have resulted in fatalities, serious injuries, or public property 


damage on this occasion, it is important to find the root cause of the mishap. 


Failure to identify the cause of the mishap and implement corrective actions 


may endanger public safety during a future mission. 


 As noted above, in accordance with § 450.175(b), potential test-induced 


damages pre-coordinated with the FAA prior to licensed activities taking 


place are exempt from mishap classification. 


Note: The test-induced damage exemption applies only to licensed 


activities. 


8. The impact of hazardous debris outside the planned landing site or designated 


hazard area; or 


 As defined in § 401.7, hazardous debris means any object or substance 


capable of causing a casualty or loss of functionality to a critical asset. 


Hazardous debris includes inert debris and explosive debris such as an intact 


vehicle, vehicle fragments, any detached vehicle component whether intact or 


in fragments, payload, and any planned jettison bodies. 


 This criterion applies to the impact of hazardous debris outside the planned 


landing site or hazard area. The occurrence of debris outside the hazard area 


that does not meet the definition of “hazardous debris” in § 401.7 is not a 


mishap, provided the anomalous event did not otherwise satisfy the remaining 


mishap definition criteria. 


9. Failure to complete a launch or reentry as planned as reported in § 450.213(b). 


 The pre-flight reporting requirements of § 450.213(b)(2) requires a licensee to 


submit planned mission information, including the vehicle, launch site, 


planned flight path, staging and impact locations, each payload delivery point, 


intended reentry or landing sites including any contingency abort location, and 


the location of any disposed launch or reentry vehicle stage or component that 


is deorbited. 


 The failure to complete a launch or reentry as planned, as identified in the pre-


flight report, constitutes a mishap. This criterion more accurately reflects the 


scope of activities that the FAA deems to be a mishap.  
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5.7 Incorporating Mishap Terms. 


An applicant should incorporate the definition of a “mishap” under § 401.7, including 


the definitions of “fatal injury” and “serious injury” from 49 CFR 830.2,1 into the 


mishap plan to aid in determining if a mishap occurred and the resulting reporting 


requirements. 


5.8 Reference Document Section. 


When applicable, the applicant should incorporate a reference document section in the 


mishap plan. This section should identify all applicable reference documents or 


implemented plans in response to a commercial space transportation mishap. As stated 


in AC 413.5-1, an applicant may provide the necessary evidence of compliance (such as 


data, plans, and other supporting documentation) by creating new documents that 


address the regulations specifically or by utilizing existing company documents with 


specific references to applicable sections. A copy of all referenced documents used to 


satisfy a mishap plan requirement should be included with the mishap plan submittal. 


Examples may include: 


 Agreements providing for emergency response services necessary to satisfy the 


requirements of § 450.173, 


 Emergency first responder vehicle hazard guidance, 


 Mishap response checklists, and 


 Points of contact list. 


  


                                                 


1 Mishap, as defined in § 401.7, cites 49 CFR 830.2 “fatal injury” and “serious injury” definitions. 
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6 READINESS TO IMPLEMENT THE MISHAP PLAN. 


In accordance with § 450.155(a)(3), an operator must document and implement 


procedures to assess readiness to proceed with the flight of a launch or reentry vehicle, 


including readiness to implement the mishap plan required by § 450.173. 


6.1 Mishap Preparedness. 


An applicant should rehearse the procedures documented in the mishap plan to ensure 


safety-critical personnel, procedures, equipment, and services are prepared to 


implement the operator’s plan. Rehearsal and review of those procedures will help 


operators assess the effectiveness of their mishap plan and identify deficiencies such as 


issues related to response, notification, public safety, or preservation of perishable 


mishap data. When assessing preparedness, operators should consider: 


 Training for safety-critical personnel, including operator and emergency response 


personnel; 


 Coordination of emergency response services with Federal Range or licensed launch 


or reentry site; 


 Exercises (e.g. mishap simulations, table top exercises, full-scale exercises); 


 Equipment availability (e.g. video/photographic equipment, including hand-held and 


overhead aerial-based), protective equipment, etc.); 


 Supplies (e.g. go-kit items, evidence tags, notebooks, batteries, log books, etc.); 


 Funding (e.g. travel, consultants, analyses, etc.); 


 Debris storage locations; and 


 Known requirements/special support equipment (e.g. cranes for large pieces of 


debris, transport equipment, etc.). 


7 RESPONSIBILITIES. 


In accordance with § 450.173(b), an operator’s mishap plan must document 


responsibilities for personnel assigned to implement the requirements of § 450.173, 


including any personnel retained to conduct or participate in an investigation. The 


mishap plan must also document the allocation of roles and responsibilities between the 


operator’s organization and any launch or reentry site operator for reporting, responding 


to, and investigating any mishap during ground activities at the site, per 


§ 450.173(b)(3). In addition, per § 450.157, the mishap plan should document lines of 


communications between the operator’s organization and launch or reentry site 


operator. Applicants should describe roles and responsibilities using positions or titles, 


rather than information that are subject to change (e.g. names of staff). 
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7.1 Delegating and Sharing of Responsibilities. 


A mishap plan should identify each individual’s roles and responsibilities within the 


applicant’s organization, Federal Range, or a launch or reentry site operator. The 


mishap plan should document each individual’s authority and define lines of 


communication. The delegation of roles and responsibilities may be shared between the 


applicant’s organization and site operator, subject to mutual agreement. For a mishap 


occurring with a vehicle on a launch site, the vehicle operator may conduct the primary 


investigation with support from the launch site operator. 


7.1.1 Roles and Responsibilities. 


When documenting roles and responsibilities, an operator should consider who is 


responsible for: 


 Providing notification to the FAA Washington Operations Center; 


 Drafting and submitting the five-day preliminary mishap report required under 


§ 450.173(c)(3); 


 Activating emergency response services, including, but not limited to, fire 


department, emergency medical services, or other services to address known 


hazards; 


 Coordinating with external stakeholders (e.g. Federal Range, payload customers, 


etc.); 


 Coordinating with public affairs; 


 Evacuating and accounting for personnel; 


 Maintaining hazard area surveillance; 


 Securing the mishap site; 


 Securing data and physical evidence; 


 Documenting debris; 


 Implementing your mishap plan; 


 Conducting the investigation; 


 Reporting investigation results to the FAA; and 


 Identifying and implementing preventative measures. 


7.1.2 Using Checklists. 


There are numerous benefits to using checklists during a mishap. Checklists serve as a 


reminder of steps to complete when carrying out assigned tasks, ensure consistency, and 


reduce the likelihood of failure or omission of a critical step. Mishaps can occur at 


unexpected times, and even the most well trained personnel can forget the order of tasks 


they should complete. For these reasons, a mishap plan should incorporate the use of 


checklists for personnel responsible for implementing the mishap plan. See Appendix A 


of this AC for a notification example.  
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8 MISHAP REPORTING REQUIREMENTS. 


Under § 450.173(c), an operator is required to notify the FAA Washington Operations 


Center in the event of a mishap. Based on the severity of the mishap, notification is 


either required immediately or within 24 hours of the event, as described below. 


Additionally, an operator is required to submit a preliminary written report to the FAA 


Office of Commercial Space Transportation within five days of any mishap. 


Note: If an operator is unsure whether an anomalous event meets the criteria of a 


reportable mishap, they should contact the FAA for further clarification. 


8.1 Immediate Notifications. 


In the event of a mishap involving a fatality or serious injury, operators must 


immediately notify the FAA’s Washington Operations Center (WOC) of the event in 


accordance with § 450.173(c)(1). The FAA’s WOC operates 24 hours per day and 


seven days per week. The immediate notification required by § 450.173(c)(1) should 


not hamper the activation of emergency response activities. When notifying the WOC, 


the operator should provide their name and telephone number. The mishap plan should 


include the following WOC contact information: 


FAA Washington Operations Center 


Phone: (202) 267-3333 or toll-free at (800) 322-3804 


Email: 9-awa-ash-woc@faa.gov 


Fax: (202) 267-5289 


Note: Providing mishap notifications to FAA personnel on-site (e.g. Commercial Space 


Transportation Safety Inspector) following a mishap does not satisfy the notification 


requirements of § 450.173(c) and does not remove the need to comply with all Part 450 


reporting requirements. 


Note: Below is an example of notification language that could be incorporated into a 


mishap plan to ensure compliance with § 450.173(c)(1). 


In the event of a mishap involving a fatality or serious injury, [title of 
responsible position] will provide an immediate verbal notification to the 
FAA Washington Operations Center at (800) 322-3804. When making 
the immediate notification, [responsible position] will provide the 
information contained in § 450.173(c)(3) to the extent known at the 
time. However, the lack of information known should not delay the 
immediate notification. [Responsible position] will complete all required 
notifications per [procedure, checklist, plan step, etc.]. 



mailto:9-awa-ash-woc@faa.gov
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8.2 24-Hour Notifications. 


In the event of a mishap not involving a fatality or serious injury,2 the operator must 


provide notification to the FAA WOC within 24-hours of the event (see contact 


information above) in accordance with § 450.173(c)(2). The FAA recommends 


notifying the FAA WOC as soon as possible following the mishap. The operator may 


use the five-day written preliminary report information provided below in paragraph 8.3 


of this AC as a guideline when reporting the notification. The operator should provide 


this information to the extent known at the time of notification. The lack of information 


should not delay the required 24-hour notification. If information is unknown, the 


operator may report it as such. 


8.3 Five-Day Written Preliminary Report. 


Within five days of a mishap, the operator must submit a written preliminary report to 


the FAA's Office of Commercial Space Transportation in accordance with 


§ 450.173(c)(3). The five-day report is a follow-up requirement designed to supplement 


the initial mishap notification once more detailed information is known. Following a 


mishap, the assigned FAA Mishap Response Coordinator (MRC) will contact the 


designated operator point of contact (POC). The FAA MRC will be the primary POC 


for all mishap-related information submittals, including the five-day report. The 


preliminary report must include the information required under § 450.173(c)(3), as 


shown below. 


Note: The FAA recognizes the preliminary and sensitive nature of data contained in the 


five-day report and will treat the information appropriately. The operator should mark 


reports containing proprietary or information subject to ITAR accordingly. 


8.3.1 Date and Time of the Mishap. 


Section 450.173(c)(3)(i) first requires the preliminary report to identify the date and 


time of the mishap. The FAA recommends that operators use the Coordinated Universal 


Time (UTC) standard to report the date and time of the mishap. UTC is the time 


standard commonly used worldwide. 


8.3.2 Description of the Mishap and Sequence of Events. 


The preliminary report must include a description of the mishap and sequence of events 


leading up to it, to the extent known, under § 450.173(c)(3)(ii). The operator should 


write the description in a narrative form to aid in excluding speculative information. 


8.3.3 Intended and Actual Locations. 


Per § 450.173(c)(3)(iii), the operator must include the intended and actual location of 


the launch or reentry or other landing on Earth. For established locations, such as 


federal launch ranges or FAA-licensed launch sites, operators should include site names 


and locations. For non-established locations, operators should provide location 


                                                 


2 See paragraphs (2) through (9) of the definition of “mishap” in § 401.7. 
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coordinates, nearest city, etc. A common choice of coordinates is latitude, longitude, 


and elevation. 


8.3.4 Hazardous Debris Impact Points. 


In accordance with § 450.173(c)(3)(iv), an operator must identify the location or 


coordinates of hazardous debris impact points, including those outside a planned 


landing site or designated hazard area, so that the FAA can assess potential public 


safety risks. If actual data on impact location does not exist or cannot be visually 


verified, an analysis can be provided. An acceptable means of analysis can be a 


propagation of the expected debris field based on the last known state vector or last 


known instantaneous impact point of the vehicle. 


8.3.5 Identification of the Vehicle. 


Per § 450.173(c)(3)(v), an operator must identify the vehicle involved in the mishap. 


This section should include the name and general description of the launch or reentry 


vehicle involved. 


8.3.6 Identification of any Payload. 


Per § 450.173(c)(3)(vi), an operator must identify any payload. The identification 


should include the name and general description of any payload, including primary and 


secondary payloads. The FAA recommends identifying all payloads’ ownership, 


including any foreign ownership. 


8.3.7 Number and General Description of any Fatalities or Injuries. 


Per § 450.173(c)(3)(vii), an operator must provide the number and general description 


of all known injuries (fatality, serious injuries, minor injuries), including injuries to 


public and anyone involved with the launch or reentry activity. 


8.3.8 Description and Estimated Cost of any Property Damage. 


Per § 450.173(c)(3)(viii), an operator must provide a description and estimated cost of 


any property damage. This includes known damages to property associated with the 


activity, such as a payload, a launch or reentry vehicle, a facility involved with the 


activity, government property involved with the activity, or and any property not 


associated with the activity (e.g. public property). These damages should be based on 


the cost to repair or replace what was damaged as a result of a mishap. The “substantial 


damage” threshold to property in paragraphs (5) and (6) of the definition of mishap in 


§ 401.7 still applies to a vehicle, payload, or property regardless of an operator’s intent 


to actually repair or replace damages incurred (i.e. expendable stages, last flight of an 


experimental vehicle, single use vehicles are still subject to the “substantial damage” 


threshold). 
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8.3.9 Identification of Hazardous Materials. 


Section 450.173(c)(3)(ix) requires an operator to identify all hazardous materials, as 


defined by § 401.7, involved in the event, whether on the vehicle, any payload, or on 


the ground. Operators should include the name and quantity of hazardous materials 


involved in the event. As listed under the Safety Precautions section of the PHSMA 


Emergency Response Guidebook, sources an operator may use to identify hazardous 


materials involved in a mishap may include: 


 Placards, 


 Container labels, 


 Shipping documents, 


 Rail car and road trailer identification charts, 


 Safety Data Sheets, and 


 Knowledge of persons on scene, such as emergency first responders. 


8.3.10 Actions Taken to Contain the Consequences of the Event. 


Section 450.173(c)(3)(x) requires an operator to identify any actions taken by anyone, 


including emergency response activities (fire, medical, law enforcement, etc.), to 


contain the consequences of the event (e.g. steps taken to secure the mishap site, any 


movement, or recovery of debris, etc.). 


8.3.11 Weather Conditions at the Time of the Event. 


Section 450.173(c)(3)(xi) requires an operator to describe the weather conditions at the 


time of the event. An operator can include local forecast information, range weather 


reports, weather balloon data, or other means of accurately reporting weather data. 


8.3.12 Potential Consequences for other Similar Vehicles, Systems, or Operations. 


Lastly, in accordance with § 450.173(c)(3)(xii) an operator must identify factors that 


may affect the safe operation of vehicles, systems, or operations of a similar type. Given 


that some commercially purchased hardware/software is common across operators, or 


proprietary hardware/software may be common within an operator’s vehicle fleet, this 


information could prevent mishaps due to similar failures of a common system or 


component, including ground and range systems. 
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9 EMERGENCY RESPONSE REQUIREMENTS. 


In accordance with § 450.173(d)(1), an operator must activate emergency response 


services as necessary to protect property and public safety. An operator must also 


maintain hazard area surveillance and clearance as necessary to protect public safety, 


pursuant to § 450.173(d)(2). Lastly, an operator must contain and minimize the 


consequences of a mishap, preserve data and physical evidence, and implement 


agreements with government authorities and emergency response services as necessary 


under § 450.173(d)(3)–(5). 


9.1 Activation of Emergency Response Services. 


In accordance with § 450.173(d)(1), the mishap plan must contain procedures to ensure 


activation of emergency response services necessary to protect the public and property 


following a mishap. These procedures must address the evacuation and rescue of 


members of the public, taking into consideration debris dispersions, toxic plumes, and 


extinguishing fires in accordance with § 450.173(d)(1)(i) and (ii). As noted in 


paragraph 9.6 of this AC, an operator launching from a Federal launch site need not 


execute and implement agreements to provide emergency response services if the 


Federal site already has the necessary coordination in place to satisfy the requirements 


of § 450.173. 


9.1.1 Identify Stakeholders. 


In accordance with § 450.173(b)(3), an operator must identify all stakeholders who may 


play a role, or have a stake in responding to an emergency. For example, employees are 


likely to be the first people aware of an emergency. They should know who to notify in 


the event of an emergency, how to secure a scene safely, when and where to evacuate, 


and be able to render basic first aid to coworkers, if needed. All parties involved in 


emergency response procedures should receive appropriate training relevant to their 


roles and any vehicle/site specific hazards they may encounter, including environmental 


hazards. This includes, but is not limited to, the following stakeholders: 


 Vehicle operations personnel, 


 Payload owners/operators, 


 Launch or reentry site personnel, 


 Fire department, 


 Emergency medical services, and 


 Members of the affected public. 


9.1.2 Coordinating with Local Emergency First Responders. 


Prior to the start of launch operations, an operator should coordinate with federal, state, 


and local authorities, and emergency first responders to familiarize them with their 


operations and any launch vehicle or site-specific hazards. The operator should use 


local emergency responders that are familiar with the area and terrain potentially 


associated with responding to a mishap. Pre-coordination and cooperation with these 


entities is critical to the general safety of all parties involved, as well as the public and 
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property, in responding to an emergency. Pre-coordination also helps ensure the 


availability of appropriate emergency and personal protective equipment based on the 


operation’s vehicle(s) or site hazards. Operators should ensure that responding fire 


departments are familiar with and equipped to respond to the specific hazards of their 


vehicle(s) or launch or reentry site. 


9.1.3 Coordination in Rural Areas. 


Many launch operations take place in remote areas far from large population centers. 


An on-pad explosion of a fully fueled launch vehicle could easily overwhelm a local 


volunteer fire department. In addition, local fire departments may not have the 


specialized equipment necessary to deal with unique hazards associated with such an 


event, such as hypergolic propellants. In such cases, it may be necessary to pre-position 


specialized assets nearby, or coordinate with a larger fire department further away that 


is equipped to handle hazardous materials. Pre-coordination also provides an 


opportunity to determine the level of support operator personnel will provide to first 


responders. Once the initial fire is contained, it may be necessary to enter the debris 


field to extinguish small, localized fires. Operator personnel having technical expertise 


with ordnance can help contain hazards by accompanying fire fighters to identify and 


mark unexploded ordnance and other potential hazards necessary to avoid injury. 


9.1.4 Examples of Vehicle and Operational Hazards include: 


 Vehicle composites, 


 Propellants, 


 Oxidizers, 


 Pressure vessels, 


 Unexploded ordnance, 


 Oxygen systems, and 


 Batteries. 


9.1.5 First Responders Guide. 


In support of emergency response activities and recovery operations, an operator should 


develop a quick reference guide for rapid dissemination to first responders, including 


those outside the local area who may not be aware of the hazards associated with the 


launch vehicle. In addition to the hazards listed above, contents of such a guide may 


include: 


 The quantity and location of specific hazards (i.e. parachute mortars, hypergolic 


propellants, destruct charges, etc.), 


 Recommended standoff distances, 


 Appropriate personal protective equipment (PPE), and 


 Launch operator point of contact information. 







08/12/2021  AC 450.173-1 


18 


9.1.6 Emergency Response Guidebook (ERG). 


The ERG is a joint publication prepared by Transport Canada, the U.S. Department of 


Transportation, and the Secretariat of Communications and Transport of Mexico. The 


ERG, as revised, is intended for use by first responders during the initial phase of a 


transportation incident involving dangerous goods or hazardous materials. Basic safety 


recommendations include approaching and securing the scene, identifying hazards, 


assessing the situation, obtaining help, and response. The ERG includes a numerical and 


alphabetical listing of hazardous materials that can be used to identify the associated 


GUIDE number and safety recommendations related to the material in question. Table 2 


of this AC identifies the GUIDE number for liquid oxygen. 


Table 2 – ERG Alphabetical Example 


Name GUIDE No. ID No. 


Oxygen, refrigerated liquid 


(cryogenic liquid) 


122 1073 


 


9.1.6.1 In the example above, GUIDE No. 122 refers to “Gases – Oxidizing, 


Including Refrigerated Liquids.” This section identifies potential hazards 


associated with oxidizing gases; public safety considerations including, 


protective clothing and evacuation; emergency response procedures in the 


event of a fire, spill, or leak, and first aid considerations. 


9.1.6.2 A digital copy of the ERG is available for download from the U.S. 


Department of Transportation, Pipeline, and Hazardous Materials Safety 


Administration’s website at: 


https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-


erg. 


9.1.7 Evacuating and Rescuing the Public. 


In accordance with § 450.173(d)(1)(i), the mishap plan must contain procedures for 


evacuating and rescuing members of the public, taking into account debris dispersions, 


toxic plumes, and far-field blast overpressure or distance focusing overpressure (DFO). 


An operator should determine the needed actions in coordination with local emergency 


responders, based on the information available. In some cases, the best option may be 


evacuation. In others, sheltering-in-place may be best. For further considerations, refer 


to the “Protective Action Decision Factors to Consider” section of the ERG. 


Note: In preparing for potential evacuation or other emergency measures to prevent 


harm to the public, operators can also look to their toxic hazard release analyses 


prepared in accordance with §§ 450.139 and 450.187. These sections require operators 


to account for operational constraints and emergency procedures, such as evacuation 


plans or other constraints needed to protect the public from the effects of a toxic release 


from a vehicle or any of its components or payloads. 



https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg

https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg





08/12/2021  AC 450.173-1 


19 


9.1.8 Extinguishing Fires. 


The mishap plan must, in accordance with § 450.173(d)(1)(ii), contain procedures for 


controlling and extinguishing fires caused by licensed activities. As noted earlier, the 


allocation of roles and responsibilities shared between a launch operator and a site 


operator or federal range, including emergency response services, must be documented 


in the mishap plan or by other written means in accordance with § 450.173(b)(3). Under 


§ 450.173(d)(5), operators may implement agreements with government authorities and 


emergency response services, as necessary, to satisfy the requirements of this section. 


9.2 Hazard Area Surveillance and Clearance. 


In the event of mishap, in accordance with § 450.173(d)(2), the operator must maintain 


existing hazard area surveillance and clearance as necessary to protect public safety 


(e.g., through use of Notices to Mariners (NOTMAR) and Notices to 


Airmen (NOTAM), roadblocks, or facility access). All personnel assigned to maintain 


hazard area surveillance and clearance should know their role and actions to take 


following a mishap. These procedures can include: 


 Holding current clearance areas up until hazards are contained; 


 Adding surveillance or reducing hazard area surveillance based on the location and 


impact of the mishap; and expanding or reducing personnel as needed for different 


mishap scenarios. 


9.3 Restricting Hazard Area until Debris Collection is Complete. 


In the event of a mishap that results in debris impacts on land, operator personnel or 


other emergency responders should be prepared to maintain, expand, or establish a new 


ground hazard area(s) until all fires are extinguished, and the extent of any remaining 


hazards can be verified. Access to the launch pad and immediate surrounding area could 


remain restricted for several days while debris documentation and collection occurs, or 


while any relevant ground system evidence is collected, such as commodity samples. 


Based on the volume and duration of airspace where an aircraft hazard is predicted, 


such as an in-flight break up scenario, it may be necessary to maintain an existing 


NOTAM beyond the original effective period. Similarly, floating debris that presents a 


hazard to marine navigation may require the existing NOTMAR to be extended or 


expanded if the debris floats away. 


9.4 Containing and Minimizing the Consequences of an Event. 


In accordance with § 450.173(d)(3), an operator is responsible for containing and 


minimizing the consequences of a mishap caused by its activities, to include securing 


impact areas to ensure no members of the public enter, safely disposing of hazardous 


materials, and controlling hazards at the site or impact area. 


9.4.1 Site Security. 


Methods of securing a site include roadblocks, checkpoints, fenced or roped off areas, 


and utilization of and cooperation with local authorities to protect the public from 


entering potentially hazardous areas. 
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9.4.2 Disposal of Hazardous Materials. 


In accordance with § 450.173(d)(3)(ii), the mishap plan must include procedures for 


proper disposal of hazardous materials, including contaminated water and soil, as 


applicable. Prior to disposal, contaminated material should be isolated or stored in a 


separate, secured location. Hazardous debris must be disposed of in accordance with 


applicable safety and environmental requirements. Operators may not dispose of debris 


associated with a mishap until the FAA notifies the operator that the debris no longer 


needs to be retained in accordance with § 450.219(b). 


9.4.3 Controlling Access to a Mishap Site. 


Ensure that only authorized personnel can access a mishap site. Examples include: 


 Setting up a perimeter with temporary fencing or caution tape. 


 Access control to the temporary hazard location. 


 Establishing a single point of entry and egress. 


 Central sign in/out location to account for all personnel. 


 Coordination and cooperation with local authorities and emergency first responders. 


9.4.4 Safing and Securing the Mishap Site. 


In an effort to contain and minimize the consequences of the mishap and maintain site 


integrity for investigation, the operator should safe and secure a mishap site as soon as 


possible. Safing refers to the steps necessary to identify and remove hazards from the 


mishap site following documentation. The mishap plan should prioritize the removal of 


debris presenting a public safety hazard, including debris affecting marine/navigable 


waterways, public roads, public gathering areas, facilities, etc. Based on the mishap 


location, it may also be advisable to establish a local hotline to allow members of the 


public to report debris locations for further collection (e.g., debris washing up on a 


beach). The mishap plan should include procedures for accomplishing these tasks in 


coordination with local first responders and/or law enforcement. In the event of a 


federal investigation, the operator should coordinate these efforts with the lead 


investigative authority. The mishap plan procedures should: 


 Identify who is responsible for identifying and mitigating hazards; 


 Identify who is responsible for securing the mishap site; 


 Include a process for accessing the mishap site (i.e., who is authorized and when, 


training and personnel protection equipment requirements, etc.); and 


 Include guidance on the treatment of debris, etc. 


9.5 Preserving Data and Physical Evidence. 


In accordance with § 450.173(d)(4), the mishap plan must contain procedures for 


collecting and preserving data and physical evidence. The mishap plan should also 


identify the individual(s) responsible for collecting and preserving data and physical 


evidence, and ensure that these individuals have sufficient technical knowledge and 


familiarity with the vehicle to identify and locate major vehicle systems, components, 
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and hazards. The mishap plan should also establish a location for securing data and 


physical evidence, as well as methods of maintaining a chain of custody, logging 


evidence, controlling access, and other means to safeguard integrity of data and physical 


evidence. Hazardous debris, such as unexploded ordnance, should be stored in a 


separate, secured facility, with access restricted to appropriately trained and certified 


personnel. As noted in AC 437.73-1, to assist in determining root cause and corrective 


actions or preventative measures, the FAA recommends collecting, cataloging, and 


retaining all data related to the mishap. This data can include, but is not limited to, the 


following: 


 Analysis and test results, 


 Change control documents, 


 Contracts, 


 Correspondence, 


 Debris, 


 Design drawings and specifications, 


 Environmental factors (workplace environment, weather conditions), 


 Equipment history logs, 


 Inspection and Maintenance records, 


 Policies, procedures, and work logs 


 Training documentation, 


 Vehicle close out photographs, 


 Vehicle telemetry, 


 Vendor manuals, 


 Voice and video recordings, and 


 Witness statements. 
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9.5.1 Treatment of Debris. 


In general, an operator should not move or disturb debris without prior approval from 


the investigative authority, except to remove injured or trapped persons, to protect the 


wreckage from further damage, or to protect the public from injury. Prior to moving 


debris, the debris should be fully documented (measured, photographed, etc.), and 


location recorded for investigative purposes to the extent possible without hindering 


efforts to protect public safety in accordance with § 450.173(d)(4). 


Note: As noted in the Streamlined Launch and Reentry Licensing Requirements Notice 


of Proposed Rulemaking, the FAA considers debris to be a physical record of the 


mishap’s occurrence. Section 450.219(b) requires operators to maintain records, 


including debris, associated with a mishap until the FAA advises the licensee that the 


records need not be retained. 


9.5.2 Documenting Physical Evidence. 


When possible, the operator should systematically document, collect, protect, and 


preserve physical evidence. Operators should collect evidence in a manner that permits 


future evaluation of how and why the mishap occurred. The mishap plan should 


consider the following: 


9.5.2.1 Site Documentation – Using sketches and maps to document the overall 


scene and position of debris. Geotagged photos are especially beneficial 


when documenting a site and debris distribution. 


9.5.2.2 Cataloging Debris – Document individual debris components, including 


physical location (coordinates), debris dimensions, weight, and general 


description of the item. Operators should document this information in a 


centralized evidence log. 


9.5.2.3 Photographing Debris – Photography is a valuable tool for documenting 


the overall mishap site, location of individual debris relative to the overall 


site, configuration, and condition. When photographing debris, the FAA 


recommends using GPS-equipped cameras. Bring sufficient memory cards 


and at least one spare set of batteries. Rulers or items of a known physical 


size should be included in close-up pictures to show scale and perspective. 


For each group of photographs, an overall photograph showing positions 


relative to a known point, such as a land feature, diagram reference point, 


or building should be included. A photograph log should be used to record 


the photograph number, content, type, and location. Location information 


could include either coordinates (latitude and longitude), or the direction 


and distance to a prominent feature, such as the launch pad or impact 


crater. See Table 3 of this AC. 


Note: Refer to the “Initial Photography” section of FAA Order 8020.11D, 


as revised, for additional considerations when photographing a mishap 


site. 
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Table 3 – Sample Photo Log 


Photo # Content Type Location 


001 Debris field Overview (O) 123.45N, 17.32W 


002 Stage 1 skin fragment Close Up (C) NW, 150’ 


9.5.2.4 Debris Handling – An operator should thoroughly document debris before 


handling it. When handling debris, never try to fit pieces back together. 


Touching fracture surfaces, especially to each other, destroys evidence of 


the fracture type. The type of fracture could be the only evidence of the 


vehicle’s failure mode. 


 Movement of debris due to emergency first responder activities should 


be recorded. Talk to first responders to determine what may have been 


moved and ask for any documentation (photographs or video) they 


may have documenting debris movement. Also, in the event debris 


was cut during rescue efforts, record all cuts. 


 Debris should only be handled by trained and qualified personnel 


having the proper personal protective equipment required based on 


known site hazards. Refer to FAA Order 8020.11, as revised, for more 


information on the handling of wreckage (debris) and precautions that 


should be taken into consideration. 


9.5.2.5 Tagging Debris – The operator should tag and document all recovered 


debris. The operator should use tags with strings to identify parts and 


avoid tags with metal wires as they may damage the debris further. If 


containers are used to store debris, ensure they are soft compared to the 


debris being stored or that the debris is sufficiently protected (i.e. wrapped 


in bubble wrap). You can use plastic bags or bins for small pieces of metal 


and some composites. If debris is chemically contaminated, ensure storage 


containers and wrapping materials are compatible with chemical 


contamination (e.g., hypergols). When tagging debris, you should include 


the following: 


 Debris catalog number, 


 Photo number(s), 


 Part name or unique identifier, 


 Part or serial number, if known, and 


 Recovery location (Geotagged photos may eliminate this need). 


9.5.2.6 Additional Documentation – Further considerations to ensure a mishap 


site is fully documented include: 







08/12/2021  AC 450.173-1 


24 


 Obtain names and contact information of critical personnel on-scene, 


 Obtain photos or other documentation of the mishap site from first 


responders such as fire department, law enforcement, and rescue 


personnel, 


 Collect contact information from all witnesses and first responders for 


interviews or statements, and 


 Collect video evidence. 


Note: See FAA Order 8020.11, as revised for additional considerations. 


9.6 Implementing Agreements. 


In accordance with § 450.147(a)(4), the operator is responsible for entering into 


agreements with government authorities and emergency response providers, as 


necessary, to satisfy the requirements of § 450.173. Section 450.173(d)(5) requires 


operators to implement agreements with governments and emergency responders as 


necessary to satisfy § 450.173. This can include, but is not limited to: 


 Emergency medical and fire services, 


 Local law enforcement, 


 Federal launch range/installation emergency response services, and 


 Local city or county emergency operation centers. 


Note: Section 450.173(d)(5) requires an operator to implement agreements with 


government authorities and emergency responders “as necessary” to satisfy the 


requirements of § 450.173. An operator that launches from a Federal launch or reentry 


site, or licensed launch or reentry site is not required to execute agreements with local 


authorities if their launch or reentry site use agreement, as required by § 450.147(a)(1), 


has the necessary coordination in place to satisfy the requirements of § 450.173. 
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10 MISHAP INVESTIGATION REQUIREMENTS. 


Under § 450.173(e), in the event of a mishap, the operator must investigate the root 


cause of the mishap and report the investigation results to the FAA. 


10.1 Investigation Procedures. 


The operator’s mishap plan should clearly document the procedures for investigating 


the root cause of a mishap and for reporting results to the FAA. As noted earlier, in 


accordance with § 450.173(b), the mishap plan must clearly delineate responsibilities of 


personnel assigned to conduct an investigation and anyone retained to conduct, or 


participate in, any mishap investigation. The mishap plan procedures should include, 


but are not limited to, the following: 


 Composition of the mishap investigation team, to include investigation team lead 


and minimum team members. These procedures should include provisions to 


expand the team membership based on additional expertise to support the 


investigation, as required. 


 Coordination with industry and government stakeholders to ensure the proper level 


of support for the investigation. 


 Documented method for determining root cause of the event, including what 


happened, how it happened, and why it happened. Root cause should extend beyond 


the technical cause of the event and include organizational root causes (e.g., 


insufficient training for employees, decreased safety culture, overlooked employee 


safety concerns, etc.). 


 Documented description of the investigative review process, including the review 


and approval of data packages supporting root cause and corrective action 


determinations. Procedures should also address the recording of any dissenting 


opinions. 


 Detail/explanation on how applicable supporting analysis will be performed 


(i.e., methodology, tools, criteria or standards, etc.). 


 Provide for periodic updates to the FAA during the course of an investigation, on a 


schedule as mutually agreed upon between the operator and the FAA. 


10.2 Root Cause Analysis. 


The root cause is the fundamental reason or underlying cause that, if eliminated, would 


mean the mishap would not have occurred. The root cause differs from the proximate or 


direct cause, which is the immediate cause of the problem leading to a mishap. For 


example, a loose fuel line, resulting in a fuel leak would be the proximate cause of an 


inflight fire. However, the failure of a technician to torque and safety wire the fuel line 


b-nut may be a root cause of the problem. 
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10.2.1 A mishap may have multiple root causes. To identify a root cause, it is necessary to 


look beyond the direct cause, to perform a root cause analysis and understand potential 


organizational deficiencies as well the technical issue. In the example provided in 


paragraph 10.2 of this AC, a root cause analysis may determine that the technician did 


not follow existing procedures. Similarly, it may determine that the procedures were 


inadequate, or that the organization did not employ the standard of independent 


verification or quality assurance to check the technician’s work after installation. 


Factors contributing to the problem could include inadequate training, personnel 


changes, or a simple distraction during a critical step. 


10.2.2 A root cause analysis should include the following steps at a minimum. 


 Scope of the Investigation – an operator should identify the bounds of the 


investigation including timeframe of the occurrence, systems that had the ability to 


contribute to the event, and any accepted risk items or issues related to those 


systems. 


 Event Timeline – an operator should identify a general timeline of the operations 


leading up to and during the occurrence. 


 Root Cause Analysis Process – an operator should define a process for its 


investigation. This should include the investigation methodology (e.g., fault tree, 


fishbone, video analysis, etc.), integration between engineering investigation teams, 


presentation of determinations made by engineering investigation teams to the 


investigation board, and board member voting or decision-making processes. 


 Causal Factor Process – an operator should have an iterative process to continue 


investigating areas of concerns until finding a true root cause (e.g., the “5-whys”). 


This most typically ends at an organizational root cause linked to design, operations, 


or both. 


 Identify and Implement Preventive Measures – an operator should identify and 


implement preventive measures on future and existing vehicles to ensure that the 


mishap does not recur such that public safety is not impacted. 


 Preventative Measures Follow-Up – an operator’s plan should include a process for 


following up to verify the implementation and effectiveness of preventative 


measures. This follow-up should ensure preventative measures remain adequate and 


did not result in or introduce an unintended consequence. 


10.3 Reporting Investigation Results to the FAA. 


The purpose of a mishap investigation report is to clearly and concisely document and 


convey the results of the investigation. The final, signed mishap investigation report 


must be submitted for FAA review, in accordance with § 450.173(e)(2). The FAA 


recommends use of the NASA mishap report format, as documented in NASA 


Procedural Requirements (NPR 8621.1, as revised), which includes the following 


sections: 


 Section 1: Signature pages, list of consultants, and executive summary. 


 Section 2: Narrative description and facts (what, when, where, and how). 
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 Section 3: Type of data gathered and data analysis (timeline; analytical techniques 


used; fault tree, or similar graphical representation). 


 Section 4: Findings (and evidence on which those findings are based, proximate and 


root causes, and contributing factors). 


 Section 5: Recommendations (preventative measures and corrective actions to avoid 


a recurrence of the event). 


 Section 6: Minority report, if applicable. 


Note: The final mishap report should contain all applicable document markings 


(Proprietary, International Traffic in Arms Regulations (ITAR)) necessary to restrict its 


release in accordance with 14 CFR 413.9, as appropriate. 


Note: The executive summary should include a publically releasable description of the 


mishap, findings, and preventative measures or corrective actions. 


10.4 FAA and National Transportation Safety Board (NTSB) Investigations. 


Based on the severity and consequences of the event, the FAA or NTSB may initiate an 


investigation to determine root or probable cause and make recommendations for 


avoiding a recurrence of the event. In the event of a Federal investigation, the operator 


will be a participant/party to the investigation. However, the operator may conduct a 


concurrent investigation in accordance with their approved mishap plan provided it does 


not interfere with the Federal investigation. 


Note: In accordance with § 450.209(a), a licensee must allow access by, and cooperate 


with, Federal officers or employees or other individuals authorized by the FAA to 


observe any of its activities, or any of its contractors’ or subcontractors’ activities, 


associated with the conduct of a licensed launch or reentry. In addition, per § 450.13, 


issuance of a vehicle operator license does not relieve a licensee of its obligation to 


comply with all applicable requirements of law or regulation that may apply to its 


activities. 


10.5 Press Conferences and Press Releases. 


All operator press conferences and press releases related to a commercial space 


transportation mishap should be coordinated with the FAA. Press conference 


coordination should take place with enough advanced notification to allow for FAA 


participation as required. Press releases should be coordinated with the FAA’s Office of 


Communication prior to release. 


10.6 Release of Investigative Information. 


In the event of a Federal investigation, the release of investigative information should 


be coordinated with the lead investigative agency. 
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10.6.1 FAA Investigations. 


In the event of an FAA investigation, the FAA’s Office of Communications is 


responsible for the release of information to the public. All operator press releases 


should be coordinated with the FAA’s Office of Communication in coordination with 


the Office of Commercial Space Transportation prior to release. 


10.6.2 NTSB Investigations. 


In the event of an NTSB investigation, the release of information to the public must be 


coordinated with the NTSB Investigator in Charge (IIC) in accordance with 49 CFR 


§ 831.13(c). Refer to 49 CFR § 831.13, Provision and dissemination of investigative 


information, for more details. 


11 PREVENTATIVE MEASURES. 


In accordance with § 450.173(f), an operator must identify and implement preventative 


measures for avoiding the recurrence of a mishap, following the determination of root 


cause and contributing factors. Corrective actions should not only address technical root 


causes, but also any organizational root causes. Unless otherwise approved by the FAA, 


in accordance with § 450.173(f), an operator must implement preventative measures 


prior to the next flight. Operators often identify several preventative measures. For 


example, in the event of a mishap involving an in-flight fire, preventative measures 


could include revising existing procedures to include inspection steps to verify the 


installation of safety wire on all fuel line b-nuts or requiring additional training for 


personnel. The mishap plan should take into consideration the following: 


 Process for identifying and approving preventative measures and corrective actions, 


 Process for validating that proposed preventative measures and corrective actions 


are correct, complete, and feasible, 


 Process and timeline for implementing preventative measures and corrective 


actions, and 


 Process for implementing and verifying preventative measures and corrective 


actions are effective. 
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12 MISHAP RECORDS. 


12.1 Records Retention. 


Under 14 CFR § 450.173(g), operators are required to maintain all records associated 


with a mishap in accordance with § 450.219(b). Section 450.219(b) requires an operator 


to preserve all records related to an event that meets paragraph (1) through (5), or (8) of 


the definition of mishap, as defined in § 401.7. An operator must retain and make 


available to Federal officials for inspection or copying all records covered by 


§ 450.219(b) until completion of any Federal investigation and notification from the 


FAA that the records need not be retained. 


Note: Licensed launch site operators and experimental permittees are required to retain 


records in accordance with §§ 420.61 and 437.87, respectively. 


12.2 Debris Disposal. 


Although the FAA considers debris to be a physical record of a mishap occurrence, the 


FAA does not expect operators to retain debris for more than three years following the 


completion of a mishap investigation. Section 450.219(b) requires operators to maintain 


records, including debris, associated with a mishap until the FAA advises the licensee 


that the records need not be retained. Hazardous debris must be disposed of in 


accordance with applicable safety and environmental requirements. 


12.3 Incorporating Recordkeeping into the Mishap Plan. 


The FAA recommends incorporating the records requirements of § 450.219 into the 


mishap plan to ensure all required records and physical evidence are properly 


maintained. For any mishap that occurs that meets paragraphs (1) through (5), and (8) of 


§ 401.7, an operator must preserve all records related to the event in accordance with 


§ 450.219(b). Operators shall retain the records until any Federal investigation is 


complete and the FAA advises the licensee that the records can be disposed. 


13 APPLICATION REQUIREMENTS. 


Under § 450.173(h), an applicant must submit a plan or other written means satisfying 


these requirements of this section. A plan developed in accordance with this AC 


satisfies the requirements of 14 CFR § 450.173. 


Note: In addition to a mishap plan, per § 450.189(e), an operator must have general 


emergency procedures that apply to any emergencies not covered by the mishap plan of 


§ 450.173 that may create a hazard to the public.  
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Appendix A. Sample Mishap Notification Checklist Template. 


[Insert position responsible for completing tasks] Mishap Notification Checklist 


In the event of a mishap… Notify the FAA Washington Operation Center 


1. Involving a fatality or 


serious injury 


Immediately Phone: (202) 267-3333 


Toll-free: (800) 322-3804 


Email: 9-awa-ash-woc@faa.gov 


Fax: (202) 267-5289 2. Not involving a fatality or 


serious injury 


Within 24-hours 


Submit a preliminary written report including the 


following information, as applicable, to… 


FAA Office of Commercial 


Space Transportation  


(i) Date and time of the mishap; 


(ii) Description of the mishap and sequence of events 


leading to the mishap, to the extent known; 


(iii) Intended and actual location of the launch or reentry 


or other landing on Earth; 


(iv) Hazardous debris impact points, including those 


outside a planned landing site or designated hazard 


area; 


(v) Identification of the vehicle; 


(vi) Identification of any payload; 


(vii) Number and general description of any fatalities or 


injuries; 


(viii) Description and estimated costs of any property 


damage; 


(ix) Identification of hazardous materials, as defined in 


§ 401.7 of this chapter, involved in the event, whether 


on the vehicle, any payload, or on the ground; 


(x) Action taken by any person to contain the 


consequences of the event; 


(xi) Weather conditions at the time of the event; and 


(xii) Potential consequences for other similar vehicles, 


systems, or operations. 


Within five days of the mishap 


to the assigned FAA Mishap 


Response Coordinator. 


800 Independence Avenue SW 


Washington, DC 20591 


202-267-7793 


202-267-5450 (fax) 


Note: The lack of information known should not delay the immediate notification. 
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OMB Control Number: 2120-0746  
(Expiration Date: 08/31/2023) 


 


FAA Form 1320-73 (06-2020) 


 


Advisory Circular Feedback Form 


 


 


If you find an error in this AC, have recommendations for improving it, or have suggestions for 


new items/subjects to be added, you may let us know by (1) emailing this form to 


ASTApplications@faa.gov, or (2) faxing it to (202) 267-5450. 


Subject: (insert AC title/number here) Date: Click here to enter text. 


Please check all appropriate line items: 


☐ An error (procedural or typographical) has been noted in paragraph Click here to enter text. 


on page Click here to enter text.. 


☐ Recommend paragraph Click here to enter text. on page Click here to enter text. be 


changed as follows: 


Click here to enter text. 


☐ In a future change to this AC, please cover the following subject: 


(Briefly describe what you want added.) 


Click here to enter text. 


☐ Other comments: 


Click here to enter text. 


☐ I would like to discuss the above. Please contact me. 


Submitted by:   Date:   


 


 


Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not 


required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information 


subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a currently 


valid OMB Control Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for 


this collection of information is estimated to be approximately 5 minutes per response, including the time for reviewing 


instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing 


the collection of information. All responses to this collection of information are voluntary to obtain or retain benefits per 


14 CFR 77. Send comments regarding this burden estimate or any other aspect of this collection of information, including 


suggestions for reducing this burden to: Information Collection Clearance Officer, Federal Aviation Administration, 


10101 Hillwood Parkway, Fort Worth, TX 76177-1524. 
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		1 PURPOSE. 

		1.1 This Advisory Circular (AC) provides guidance and an acceptable method, but not the only method, for developing a mishap plan under title 14 CFR § 450.173. This AC includes recommendations based on lessons learned from past mishaps and insights gained from reviews of mishap plan submittals. This AC does not constitute a regulation and does not contain requirements, but is intended to assist applicants in obtaining commercial space authorizations and operating in compliance with commercial space regulati

		1.2 Section 450.173 states that an operator must report, respond to, and investigate mishaps, as defined in § 401.7, using a written plan that meets the requirements of this section. An operator must: 

		 Document responsibilities for personnel assigned to report and investigate mishaps; 

		 Document responsibilities for personnel assigned to report and investigate mishaps; 

		 Document responsibilities for personnel assigned to report and investigate mishaps; 



		 Document the roles and responsibilities of the launch operator and any site operator for reporting, responding to, and investigating mishaps during ground activities at the site; 

		 Document the roles and responsibilities of the launch operator and any site operator for reporting, responding to, and investigating mishaps during ground activities at the site; 



		 Immediately notify the FAA Washington Operations Center of a mishap that involves a fatality or serious injury in accordance with § 450.173(c)(1). 

		 Immediately notify the FAA Washington Operations Center of a mishap that involves a fatality or serious injury in accordance with § 450.173(c)(1). 



		 Notify the FAA Washington Operations Center of a mishap that does not involve a fatality or serious injury within 24 hours in accordance with § 450.173(c)(2). 

		 Notify the FAA Washington Operations Center of a mishap that does not involve a fatality or serious injury within 24 hours in accordance with § 450.173(c)(2). 



		 Submit a written preliminary report to the FAA Office of Commercial Space Transportation within five days of any mishap in accordance with § 450.173(c)(3). 

		 Submit a written preliminary report to the FAA Office of Commercial Space Transportation within five days of any mishap in accordance with § 450.173(c)(3). 



		 Activate emergency response services, maintain hazard areas to protect the public, and preserve data and physical evidence following a mishap in accordance with § 450.173(d). 

		 Activate emergency response services, maintain hazard areas to protect the public, and preserve data and physical evidence following a mishap in accordance with § 450.173(d). 



		 Investigate root causes and report investigation results of a mishap in accordance with § 450.173(e). 

		 Investigate root causes and report investigation results of a mishap in accordance with § 450.173(e). 



		 Identify and implement preventative measures to avoid recurrence of a mishap in accordance with § 450.173(f). 

		 Identify and implement preventative measures to avoid recurrence of a mishap in accordance with § 450.173(f). 



		 Maintain records associated with a mishap in accordance with § 450.219(b). 

		 Maintain records associated with a mishap in accordance with § 450.219(b). 





		1.3 Level of Imperatives.  

		This AC presents one, but not the only, acceptable means of compliance with the associated regulatory requirements. The FAA will consider other means of compliance that an applicant may elect to present. Throughout this document, the word “must” characterizes statements that directly flow from regulatory text and therefore reflect regulatory mandates. The word “should” describes a requirement if electing to use this means of compliance; variation from these requirements is possible, but must be justified an

		set forth in this AC. In general, these alternative approaches can be used only under certain situations that do not compromise safety. 

		2 APPLICABILITY. 

		2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators, experimental permittees, and site operators required to comply with 14 CFR part 450. The guidance in this AC is for those seeking a launch or reentry vehicle operator license, and any licensed operator seeking to renew or modify an existing vehicle operator license. 

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right, and the FAA will not rely upon this guidance as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. This AC describes acceptabl

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements. 

		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 

		3.1 Related Statute. 

		 51 U.S.C. Subtitle V, Chapter 509. 

		 51 U.S.C. Subtitle V, Chapter 509. 

		 51 U.S.C. Subtitle V, Chapter 509. 





		3.2 Related Regulations. 

		The following regulations from title 14 of the CFR must be accounted for when showing compliance with § 450.173. The full text of these regulations can be downloaded from the 

		The following regulations from title 14 of the CFR must be accounted for when showing compliance with § 450.173. The full text of these regulations can be downloaded from the 

		U.S. Government Printing Office e-CFR

		U.S. Government Printing Office e-CFR



		. A paper copy can be ordered from the Government Printing Office, Superintendent of Documents, Attn: New Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 



		 Section 401.7, Definitions. 

		 Section 401.7, Definitions. 

		 Section 401.7, Definitions. 



		 Section 420.59, Mishap plan. 

		 Section 420.59, Mishap plan. 



		 Section 420.61, Records. 

		 Section 420.61, Records. 



		 Section 437.41, Mishap plan. 

		 Section 437.41, Mishap plan. 



		 Section 437.87, Records. 

		 Section 437.87, Records. 



		 Section 450.147(a)(4), Mishap response. 

		 Section 450.147(a)(4), Mishap response. 





		 Section 450.155(a)(3), Readiness. 

		 Section 450.155(a)(3), Readiness. 

		 Section 450.155(a)(3), Readiness. 



		 Section 450.173, Mishap Plan – Reporting, Response, and Investigation Requirements. 

		 Section 450.173, Mishap Plan – Reporting, Response, and Investigation Requirements. 



		 Section 450.189(e), Emergency Procedures. 

		 Section 450.189(e), Emergency Procedures. 



		 Section 450.219, Records. 

		 Section 450.219, Records. 





		3.3 Related FAA Documents. 

		FAA documents (are available through the FAA website, 

		FAA documents (are available through the FAA website, 

		http://www.faa.gov

		http://www.faa.gov



		). 



		 AC 437.73-1, Anomaly Reporting and Corrective Action for a Reusable Suborbital Rocket Operating Under an Experimental Permit, dated April 20, 2007. 

		 AC 437.73-1, Anomaly Reporting and Corrective Action for a Reusable Suborbital Rocket Operating Under an Experimental Permit, dated April 20, 2007. 

		 AC 437.73-1, Anomaly Reporting and Corrective Action for a Reusable Suborbital Rocket Operating Under an Experimental Permit, dated April 20, 2007. 



		 FAA Order 8020.11D, Aircraft Accident and Incident Notification, Investigation, and Reporting, dated May 10, 2018. 

		 FAA Order 8020.11D, Aircraft Accident and Incident Notification, Investigation, and Reporting, dated May 10, 2018. 





		3.4 Related Documents. 

		3.4.1 Department of Transportation (DOT), Pipeline and Hazardous Materials Safety Administration (PHMSA), Emergency Response Guidebook, 

		3.4.1 Department of Transportation (DOT), Pipeline and Hazardous Materials Safety Administration (PHMSA), Emergency Response Guidebook, 

		http://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg

		http://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg



		. 



		3.4.2 National Aeronautics and Space Administration (NASA) NPR 8621.1D, NASA Procedural Requirements for Mishap and Close Call Reporting, Investigating, and Recordkeeping, effective July 6, 2020, 

		3.4.2 National Aeronautics and Space Administration (NASA) NPR 8621.1D, NASA Procedural Requirements for Mishap and Close Call Reporting, Investigating, and Recordkeeping, effective July 6, 2020, 

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8621&s=1C

		https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=8621&s=1C



		. 



		3.4.3 National Transportation Safety Board (NTSB), Aviation Investigation Manual Major Team Investigations, dated November 2002, 

		3.4.3 National Transportation Safety Board (NTSB), Aviation Investigation Manual Major Team Investigations, dated November 2002, 

		https://www.ntsb.gov

		https://www.ntsb.gov



		. 



		4 DEFINITION OF TERMS. 

		For this AC, the terms and definitions from § 401.7, and this list, apply. 

		4.1 Preventative Measure. 

		An action taken to prevent or eliminate the technical and organizational root causes of a mishap in order to avoid a recurrence of the event. 

		4.2 Root Cause. 

		An event or condition, primarily associated with organizational factors, that resulted in the occurrence of a mishap, which if eliminated or modified, would have prevented the mishap from occurring. Typically, multiple causes contribute to a mishap.  

		5 OVERVIEW OF MISHAP PLAN. 

		Section 450.173 requires an operator to report, respond to, and investigate mishaps as defined in § 401.7, using a written mishap plan that meets the requirements of § 450.173. 

		5.1 Mishap Plan Submittal. 

		To satisfy the regulatory requirements of § 450.173, an applicant must submit a written mishap plan, or other written means, containing processes and procedures for reporting, responding to, and investigating a mishap in accordance with § 450.173(b) through (g). The processes and procedures outlined in an applicant’s mishap plan should contain sufficient detail to allow for FAA evaluation and approval, and for the applicant to implement the plan in the event of a mishap. Simply stating that an item complies

		5.1.1 Other Written Means. 

		In lieu of submitting a written mishap plan, an applicant may submit other written documentation to demonstrate compliance with § 450.173. Other written means may include, but are not limited to, the following: 

		 Checklists; 

		 Checklists; 

		 Checklists; 



		 Electronic procedures; 

		 Electronic procedures; 



		 Service contracts (i.e. range emergency service contracts); or 

		 Service contracts (i.e. range emergency service contracts); or 



		 Agreements (i.e. including Launch Site Operator agreements). 

		 Agreements (i.e. including Launch Site Operator agreements). 





		5.2 Document Markings. 

		5.2.1 Proprietary Information. 

		If an applicant’s mishap plan contains information considered proprietary, trade secrets, or competition sensitive, the FAA recommends marking the plan in accordance with 14 CFR § 413.9. 

		5.2.2 Export Controlled Information. 

		If an applicant’s plan contains technical data subject to International Traffic in Arms Regulations (ITAR), 22 CFR parts 120-130, the FAA recommends marking the plan accordingly. 

		5.3 Document Applicability. 

		To facilitate review of a mishap plan, the FAA recommends that applicants identify whether the mishap plan is applicable to a single launch vehicle type, configuration, location, or applicable to multiple vehicles and locations. 

		5.4 Document History and Version Control. 

		An applicant should include information regarding document’s history and a version control table, similar to the example given in Table 1 of this AC, to record the details of document changes over time. Document history and version control tables allow 

		personnel accessing the mishap plan to verify the most current version, when it was last changed, what was changed, and who approved the change. This section of the mishap plan should also identify the individual, by title or position, who is responsible for the issuance and revision control of the mishap plan. 

		Table 1 – Sample Version Control Table 

		Table

		TBody

		TR

		Span

		Version 

		Version 



		Description 

		Description 



		Approval Authority 

		Approval Authority 



		Approval Date 

		Approval Date 





		TR

		Span

		Revision history 

		Revision history 



		Brief description of change 

		Brief description of change 



		Printed name and title of individual approving change 

		Printed name and title of individual approving change 



		Date revision is approved 

		Date revision is approved 









		The applicant is responsible for ensuring the representations contained in the application are accurate for the entire term of the license. In accordance with § 450.211, once the FAA issues a license, the applicant must apply for a license modification if any of the following situations occur: 

		 The licensee proposes to conduct a launch or reentry in a manner not authorized by the license; or 

		 The licensee proposes to conduct a launch or reentry in a manner not authorized by the license; or 

		 The licensee proposes to conduct a launch or reentry in a manner not authorized by the license; or 



		 Any representation contained in the license application that is material to public health and safety or the safety of property is no longer accurate and complete or does not reflect the licensee’s procedures governing the actual conduct of a launch or reentry. 

		 Any representation contained in the license application that is material to public health and safety or the safety of property is no longer accurate and complete or does not reflect the licensee’s procedures governing the actual conduct of a launch or reentry. 





		Policy or procedural changes made to an approved mishap plan are material to public health and safety and require a license modification. 

		5.5 List of Abbreviations and Acronyms. 

		An applicant should include a list of all abbreviations and acronyms used in the mishap plan. Such a listing reduces confusion with like terms and those terms unique to a specific organization. The applicant should spell out the definition of each abbreviation/acronym at its first occurrence in a mishap plan. 

		5.6 What Constitutes a Mishap? 

		The FAA’s mishap definition in § 401.7 describes nine events that would constitute a mishap. This section breaks down each of those descriptions in § 401.7, by providing further clarification and examples of events that would constitute a mishap. The occurrence of any of these events during the scope of licensed or permitted activities constitutes a mishap and must be reported to the FAA in accordance with § 450.173(c). Per § 401.7, a Mishap means any event, or series of events associated with a licensed or

		1. A fatality or serious injury (as defined in 49 CFR 830.2); 

		1. A fatality or serious injury (as defined in 49 CFR 830.2); 

		1. A fatality or serious injury (as defined in 49 CFR 830.2); 



		 Fatal Injury means any injury, which results in death within 30 days of the accident. 

		 Fatal Injury means any injury, which results in death within 30 days of the accident. 



		 Serious Injury means any injury that: 

		 Serious Injury means any injury that: 





		o Requires hospitalization for more than 48 hours, commencing within seven days from the date of the injury was received; 

		o Requires hospitalization for more than 48 hours, commencing within seven days from the date of the injury was received; 

		o Requires hospitalization for more than 48 hours, commencing within seven days from the date of the injury was received; 



		o Results in a fracture of any bone (except simple fractures of fingers, toes, or nose); 

		o Results in a fracture of any bone (except simple fractures of fingers, toes, or nose); 



		o Causes severe hemorrhages, nerve, muscle, or tendon damage; 

		o Causes severe hemorrhages, nerve, muscle, or tendon damage; 



		o Involves any internal organ; or 

		o Involves any internal organ; or 



		o Involves second- or third-degree burns, or any burns affecting more than five percent of the body surface. 

		o Involves second- or third-degree burns, or any burns affecting more than five percent of the body surface. 



		2. A malfunction of a safety-critical system; 

		2. A malfunction of a safety-critical system; 



		 As defined in § 401.7: “Safety critical means essential to safe performance or operation. A safety-critical system, subsystem, component, condition, event, operation, process, or item, is one whose proper recognition, control, performance, or tolerance, is essential to ensuring public safety and the safety of property.” 

		 As defined in § 401.7: “Safety critical means essential to safe performance or operation. A safety-critical system, subsystem, component, condition, event, operation, process, or item, is one whose proper recognition, control, performance, or tolerance, is essential to ensuring public safety and the safety of property.” 



		 As noted in § 450.107(d)(2), an applicant must identify all safety-critical systems as part of their application. In addition, § 450.143(f)(1) requires an applicant to submit a list and description of each safety-critical system as part of its application. 

		 As noted in § 450.107(d)(2), an applicant must identify all safety-critical systems as part of their application. In addition, § 450.143(f)(1) requires an applicant to submit a list and description of each safety-critical system as part of its application. 



		 The FAA considers the malfunction of any system identified as safety critical under § 450.107(d)(2) to constitute a mishap. For example, the FAA would consider the failure of a flight safety system to activate when commanded, following a violation of flight safety rules to be a malfunction of a safety-critical system. 

		 The FAA considers the malfunction of any system identified as safety critical under § 450.107(d)(2) to constitute a mishap. For example, the FAA would consider the failure of a flight safety system to activate when commanded, following a violation of flight safety rules to be a malfunction of a safety-critical system. 



		3. A failure of the licensee’s or permittee’s safety organization, safety operations, or safety procedures; 

		3. A failure of the licensee’s or permittee’s safety organization, safety operations, or safety procedures; 



		 “Failure of a safety organization” occurs when an operator fails to complete an action expected or required by the safety organization, or when the organization stops functioning normally, such that it creates a public safety risk. 

		 “Failure of a safety organization” occurs when an operator fails to complete an action expected or required by the safety organization, or when the organization stops functioning normally, such that it creates a public safety risk. 



		 For example, the FAA would consider an operator’s failure to follow existing safety processes or procedures, thereby placing the public at risk, a failure of a safety organization, safety operation, or safety procedure. Additional examples include: (1) the failure of safety official (safety-critical personnel) to communicate a hold condition (safety process) upon a violation of launch commit criteria (safety procedures); (2) a safety official failing to report potential safety matters to the mission direc

		 For example, the FAA would consider an operator’s failure to follow existing safety processes or procedures, thereby placing the public at risk, a failure of a safety organization, safety operation, or safety procedure. Additional examples include: (1) the failure of safety official (safety-critical personnel) to communicate a hold condition (safety process) upon a violation of launch commit criteria (safety procedures); (2) a safety official failing to report potential safety matters to the mission direc



		4. High risk, as determined by the FAA, of causing a serious or fatal injury to any space flight participant, crew, government astronaut, or member of the public; 

		4. High risk, as determined by the FAA, of causing a serious or fatal injury to any space flight participant, crew, government astronaut, or member of the public; 





		 With this criterion, the FAA intends to cover events akin to a near miss in the aviation industry. This approach is consistent with the United States Air Force and NASA practices. 

		 With this criterion, the FAA intends to cover events akin to a near miss in the aviation industry. This approach is consistent with the United States Air Force and NASA practices. 

		 With this criterion, the FAA intends to cover events akin to a near miss in the aviation industry. This approach is consistent with the United States Air Force and NASA practices. 



		 The FAA would consider any off-nominal event during pre-flight or flight operations that posed a high probability of fatality or serious injury to spaceflight participants, crew, government astronauts, or the public, to be “high risk.” 

		 The FAA would consider any off-nominal event during pre-flight or flight operations that posed a high probability of fatality or serious injury to spaceflight participants, crew, government astronauts, or the public, to be “high risk.” 



		5. Substantial damage, as determined by the FAA, to property not associated with licensed or permitted activity; 

		5. Substantial damage, as determined by the FAA, to property not associated with licensed or permitted activity; 



		 The FAA will determine, on a case-by-case basis, whether damage to property not associated with the licensed activity is “substantial damage.” The FAA will base its determination on such factors as direct replacement cost, repair cost, and the property’s intended use and functionality. When making a substantial damage determination, the FAA will include damage caused by debris impacts, toxic plumes, and fires ignited by the vehicle or its debris. 

		 The FAA will determine, on a case-by-case basis, whether damage to property not associated with the licensed activity is “substantial damage.” The FAA will base its determination on such factors as direct replacement cost, repair cost, and the property’s intended use and functionality. When making a substantial damage determination, the FAA will include damage caused by debris impacts, toxic plumes, and fires ignited by the vehicle or its debris. 



		 For example, The FAA would consider structural damage to public property exceeding 50 percent of its market value resulting from a failed launch attempt and subsequent post-impact fire to be substantial damage. 

		 For example, The FAA would consider structural damage to public property exceeding 50 percent of its market value resulting from a failed launch attempt and subsequent post-impact fire to be substantial damage. 



		Note: If an operator is unsure whether damage to public property is a reportable mishap, they should contact the FAA for further clarification. 

		Note: If an operator is unsure whether damage to public property is a reportable mishap, they should contact the FAA for further clarification. 

		Note: If an operator is unsure whether damage to public property is a reportable mishap, they should contact the FAA for further clarification. 





		6. Unplanned substantial damage, as determined by the FAA, to property associated with licensed or permitted activity; 

		6. Unplanned substantial damage, as determined by the FAA, to property associated with licensed or permitted activity; 



		 The FAA will evaluate unplanned damage to property associated with a licensed or permitted activity on the same basis as damage to property not associated with the activity. 

		 The FAA will evaluate unplanned damage to property associated with a licensed or permitted activity on the same basis as damage to property not associated with the activity. 



		 Unplanned damage examples may include a major repair or replacement of launch facilities due to an unsuccessful launch attempt, including processing facilities, launch pads, or propellant tanks, based on cost of repair, replacement, or loss of use. Similar to the NTSB’s definition of “substantial damage” (49 CFR 830.2), the FAA may deem any damage that adversely affects the structural, performance, or flight characteristics of a launch or reentry vehicle which normally require major repair or replacement 

		 Unplanned damage examples may include a major repair or replacement of launch facilities due to an unsuccessful launch attempt, including processing facilities, launch pads, or propellant tanks, based on cost of repair, replacement, or loss of use. Similar to the NTSB’s definition of “substantial damage” (49 CFR 830.2), the FAA may deem any damage that adversely affects the structural, performance, or flight characteristics of a launch or reentry vehicle which normally require major repair or replacement 



		 In accordance with § 450.175(b), potential test-induced damages pre-coordinated with the FAA prior to licensed activities taking place are exempt from mishap classification. 

		 In accordance with § 450.175(b), potential test-induced damages pre-coordinated with the FAA prior to licensed activities taking place are exempt from mishap classification. 



		Note: The test-induced damage exemption applies only to licensed activities. 

		Note: The test-induced damage exemption applies only to licensed activities. 

		Note: The test-induced damage exemption applies only to licensed activities. 



		Note: If an operator is unsure whether damage to property associated with a licensed or permitted activity is a reportable mishap, they should contact the FAA for further clarification. 

		Note: If an operator is unsure whether damage to property associated with a licensed or permitted activity is a reportable mishap, they should contact the FAA for further clarification. 







		7. Unplanned permanent loss of a launch or reentry vehicle during licensed activity or permitted activity; 

		7. Unplanned permanent loss of a launch or reentry vehicle during licensed activity or permitted activity; 

		7. Unplanned permanent loss of a launch or reentry vehicle during licensed activity or permitted activity; 



		 Under this criterion, the FAA intends to capture other events that may have future public safety implications. 

		 Under this criterion, the FAA intends to capture other events that may have future public safety implications. 



		 For example, an authorized activity may result in the complete loss of a licensed or permitted vehicle in a remote and unpopulated area. Although the loss may not have resulted in fatalities, serious injuries, or public property damage on this occasion, it is important to find the root cause of the mishap. Failure to identify the cause of the mishap and implement corrective actions may endanger public safety during a future mission. 

		 For example, an authorized activity may result in the complete loss of a licensed or permitted vehicle in a remote and unpopulated area. Although the loss may not have resulted in fatalities, serious injuries, or public property damage on this occasion, it is important to find the root cause of the mishap. Failure to identify the cause of the mishap and implement corrective actions may endanger public safety during a future mission. 



		 As noted above, in accordance with § 450.175(b), potential test-induced damages pre-coordinated with the FAA prior to licensed activities taking place are exempt from mishap classification. 

		 As noted above, in accordance with § 450.175(b), potential test-induced damages pre-coordinated with the FAA prior to licensed activities taking place are exempt from mishap classification. 



		Note: The test-induced damage exemption applies only to licensed activities. 

		Note: The test-induced damage exemption applies only to licensed activities. 

		Note: The test-induced damage exemption applies only to licensed activities. 





		8. The impact of hazardous debris outside the planned landing site or designated hazard area; or 

		8. The impact of hazardous debris outside the planned landing site or designated hazard area; or 



		 As defined in § 401.7, hazardous debris means any object or substance capable of causing a casualty or loss of functionality to a critical asset. Hazardous debris includes inert debris and explosive debris such as an intact vehicle, vehicle fragments, any detached vehicle component whether intact or in fragments, payload, and any planned jettison bodies. 

		 As defined in § 401.7, hazardous debris means any object or substance capable of causing a casualty or loss of functionality to a critical asset. Hazardous debris includes inert debris and explosive debris such as an intact vehicle, vehicle fragments, any detached vehicle component whether intact or in fragments, payload, and any planned jettison bodies. 



		 This criterion applies to the impact of hazardous debris outside the planned landing site or hazard area. The occurrence of debris outside the hazard area that does not meet the definition of “hazardous debris” in § 401.7 is not a mishap, provided the anomalous event did not otherwise satisfy the remaining mishap definition criteria. 

		 This criterion applies to the impact of hazardous debris outside the planned landing site or hazard area. The occurrence of debris outside the hazard area that does not meet the definition of “hazardous debris” in § 401.7 is not a mishap, provided the anomalous event did not otherwise satisfy the remaining mishap definition criteria. 



		9. Failure to complete a launch or reentry as planned as reported in § 450.213(b). 

		9. Failure to complete a launch or reentry as planned as reported in § 450.213(b). 



		 The pre-flight reporting requirements of § 450.213(b)(2) requires a licensee to submit planned mission information, including the vehicle, launch site, planned flight path, staging and impact locations, each payload delivery point, intended reentry or landing sites including any contingency abort location, and the location of any disposed launch or reentry vehicle stage or component that is deorbited. 

		 The pre-flight reporting requirements of § 450.213(b)(2) requires a licensee to submit planned mission information, including the vehicle, launch site, planned flight path, staging and impact locations, each payload delivery point, intended reentry or landing sites including any contingency abort location, and the location of any disposed launch or reentry vehicle stage or component that is deorbited. 



		 The failure to complete a launch or reentry as planned, as identified in the pre-flight report, constitutes a mishap. This criterion more accurately reflects the scope of activities that the FAA deems to be a mishap.  

		 The failure to complete a launch or reentry as planned, as identified in the pre-flight report, constitutes a mishap. This criterion more accurately reflects the scope of activities that the FAA deems to be a mishap.  





		5.7 Incorporating Mishap Terms. 

		An applicant should incorporate the definition of a “mishap” under § 401.7, including the definitions of “fatal injury” and “serious injury” from 49 CFR 830.2,1 into the mishap plan to aid in determining if a mishap occurred and the resulting reporting requirements. 

		1 Mishap, as defined in § 401.7, cites 49 CFR 830.2 “fatal injury” and “serious injury” definitions. 

		1 Mishap, as defined in § 401.7, cites 49 CFR 830.2 “fatal injury” and “serious injury” definitions. 

		 



		5.8 Reference Document Section. 

		When applicable, the applicant should incorporate a reference document section in the mishap plan. This section should identify all applicable reference documents or implemented plans in response to a commercial space transportation mishap. As stated in AC 413.5-1, an applicant may provide the necessary evidence of compliance (such as data, plans, and other supporting documentation) by creating new documents that address the regulations specifically or by utilizing existing company documents with specific r

		 Agreements providing for emergency response services necessary to satisfy the requirements of § 450.173, 

		 Agreements providing for emergency response services necessary to satisfy the requirements of § 450.173, 

		 Agreements providing for emergency response services necessary to satisfy the requirements of § 450.173, 



		 Emergency first responder vehicle hazard guidance, 

		 Emergency first responder vehicle hazard guidance, 



		 Mishap response checklists, and 

		 Mishap response checklists, and 



		 Points of contact list. 

		 Points of contact list. 





		  

		6 READINESS TO IMPLEMENT THE MISHAP PLAN. 

		In accordance with § 450.155(a)(3), an operator must document and implement procedures to assess readiness to proceed with the flight of a launch or reentry vehicle, including readiness to implement the mishap plan required by § 450.173. 

		6.1 Mishap Preparedness. 

		An applicant should rehearse the procedures documented in the mishap plan to ensure safety-critical personnel, procedures, equipment, and services are prepared to implement the operator’s plan. Rehearsal and review of those procedures will help operators assess the effectiveness of their mishap plan and identify deficiencies such as issues related to response, notification, public safety, or preservation of perishable mishap data. When assessing preparedness, operators should consider: 

		 Training for safety-critical personnel, including operator and emergency response personnel; 

		 Training for safety-critical personnel, including operator and emergency response personnel; 

		 Training for safety-critical personnel, including operator and emergency response personnel; 



		 Coordination of emergency response services with Federal Range or licensed launch or reentry site; 

		 Coordination of emergency response services with Federal Range or licensed launch or reentry site; 



		 Exercises (e.g. mishap simulations, table top exercises, full-scale exercises); 

		 Exercises (e.g. mishap simulations, table top exercises, full-scale exercises); 



		 Equipment availability (e.g. video/photographic equipment, including hand-held and overhead aerial-based), protective equipment, etc.); 

		 Equipment availability (e.g. video/photographic equipment, including hand-held and overhead aerial-based), protective equipment, etc.); 



		 Supplies (e.g. go-kit items, evidence tags, notebooks, batteries, log books, etc.); 

		 Supplies (e.g. go-kit items, evidence tags, notebooks, batteries, log books, etc.); 



		 Funding (e.g. travel, consultants, analyses, etc.); 

		 Funding (e.g. travel, consultants, analyses, etc.); 



		 Debris storage locations; and 

		 Debris storage locations; and 



		 Known requirements/special support equipment (e.g. cranes for large pieces of debris, transport equipment, etc.). 

		 Known requirements/special support equipment (e.g. cranes for large pieces of debris, transport equipment, etc.). 





		7 RESPONSIBILITIES. 

		In accordance with § 450.173(b), an operator’s mishap plan must document responsibilities for personnel assigned to implement the requirements of § 450.173, including any personnel retained to conduct or participate in an investigation. The mishap plan must also document the allocation of roles and responsibilities between the operator’s organization and any launch or reentry site operator for reporting, responding to, and investigating any mishap during ground activities at the site, per § 450.173(b)(3). I

		7.1 Delegating and Sharing of Responsibilities. 

		A mishap plan should identify each individual’s roles and responsibilities within the applicant’s organization, Federal Range, or a launch or reentry site operator. The mishap plan should document each individual’s authority and define lines of communication. The delegation of roles and responsibilities may be shared between the applicant’s organization and site operator, subject to mutual agreement. For a mishap occurring with a vehicle on a launch site, the vehicle operator may conduct the primary investi

		7.1.1 Roles and Responsibilities. 

		When documenting roles and responsibilities, an operator should consider who is responsible for: 

		 Providing notification to the FAA Washington Operations Center; 

		 Providing notification to the FAA Washington Operations Center; 

		 Providing notification to the FAA Washington Operations Center; 



		 Drafting and submitting the five-day preliminary mishap report required under § 450.173(c)(3); 

		 Drafting and submitting the five-day preliminary mishap report required under § 450.173(c)(3); 



		 Activating emergency response services, including, but not limited to, fire department, emergency medical services, or other services to address known hazards; 

		 Activating emergency response services, including, but not limited to, fire department, emergency medical services, or other services to address known hazards; 



		 Coordinating with external stakeholders (e.g. Federal Range, payload customers, etc.); 

		 Coordinating with external stakeholders (e.g. Federal Range, payload customers, etc.); 



		 Coordinating with public affairs; 

		 Coordinating with public affairs; 



		 Evacuating and accounting for personnel; 

		 Evacuating and accounting for personnel; 



		 Maintaining hazard area surveillance; 

		 Maintaining hazard area surveillance; 



		 Securing the mishap site; 

		 Securing the mishap site; 



		 Securing data and physical evidence; 

		 Securing data and physical evidence; 



		 Documenting debris; 

		 Documenting debris; 



		 Implementing your mishap plan; 

		 Implementing your mishap plan; 



		 Conducting the investigation; 

		 Conducting the investigation; 



		 Reporting investigation results to the FAA; and 

		 Reporting investigation results to the FAA; and 



		 Identifying and implementing preventative measures. 

		 Identifying and implementing preventative measures. 





		7.1.2 Using Checklists. 

		There are numerous benefits to using checklists during a mishap. Checklists serve as a reminder of steps to complete when carrying out assigned tasks, ensure consistency, and reduce the likelihood of failure or omission of a critical step. Mishaps can occur at unexpected times, and even the most well trained personnel can forget the order of tasks they should complete. For these reasons, a mishap plan should incorporate the use of checklists for personnel responsible for implementing the mishap plan. See Ap

		8 MISHAP REPORTING REQUIREMENTS. 

		Under § 450.173(c), an operator is required to notify the FAA Washington Operations Center in the event of a mishap. Based on the severity of the mishap, notification is either required immediately or within 24 hours of the event, as described below. Additionally, an operator is required to submit a preliminary written report to the FAA Office of Commercial Space Transportation within five days of any mishap. 

		Note: If an operator is unsure whether an anomalous event meets the criteria of a reportable mishap, they should contact the FAA for further clarification. 

		8.1 Immediate Notifications. 

		In the event of a mishap involving a fatality or serious injury, operators must immediately notify the FAA’s Washington Operations Center (WOC) of the event in accordance with § 450.173(c)(1). The FAA’s WOC operates 24 hours per day and seven days per week. The immediate notification required by § 450.173(c)(1) should not hamper the activation of emergency response activities. When notifying the WOC, the operator should provide their name and telephone number. The mishap plan should include the following WO

		FAA Washington Operations Center 

		Phone: (202) 267-3333 or toll-free at (800) 322-3804 

		Email: 

		Email: 

		9-awa-ash-woc@faa.gov

		9-awa-ash-woc@faa.gov



		 



		Fax: (202) 267-5289 

		Note: Providing mishap notifications to FAA personnel on-site (e.g. Commercial Space Transportation Safety Inspector) following a mishap does not satisfy the notification requirements of § 450.173(c) and does not remove the need to comply with all Part 450 reporting requirements. 

		Note: Providing mishap notifications to FAA personnel on-site (e.g. Commercial Space Transportation Safety Inspector) following a mishap does not satisfy the notification requirements of § 450.173(c) and does not remove the need to comply with all Part 450 reporting requirements. 

		Note: Providing mishap notifications to FAA personnel on-site (e.g. Commercial Space Transportation Safety Inspector) following a mishap does not satisfy the notification requirements of § 450.173(c) and does not remove the need to comply with all Part 450 reporting requirements. 



		Note: Below is an example of notification language that could be incorporated into a mishap plan to ensure compliance with § 450.173(c)(1). 

		Note: Below is an example of notification language that could be incorporated into a mishap plan to ensure compliance with § 450.173(c)(1). 





		In the event of a mishap involving a fatality or serious injury, [title of responsible position] will provide an immediate verbal notification to the FAA Washington Operations Center at (800) 322-3804. When making the immediate notification, [responsible position] will provide the information contained in § 450.173(c)(3) to the extent known at the time. However, the lack of information known should not delay the immediate notification. [Responsible position] will complete all required notifications per [pro

		8.2 24-Hour Notifications. 

		In the event of a mishap not involving a fatality or serious injury,2 the operator must provide notification to the FAA WOC within 24-hours of the event (see contact information above) in accordance with § 450.173(c)(2). The FAA recommends notifying the FAA WOC as soon as possible following the mishap. The operator may use the five-day written preliminary report information provided below in paragraph 8.3 of this AC as a guideline when reporting the notification. The operator should provide this information

		2 See paragraphs (2) through (9) of the definition of “mishap” in § 401.7. 

		2 See paragraphs (2) through (9) of the definition of “mishap” in § 401.7. 



		8.3 Five-Day Written Preliminary Report. 

		Within five days of a mishap, the operator must submit a written preliminary report to the FAA's Office of Commercial Space Transportation in accordance with § 450.173(c)(3). The five-day report is a follow-up requirement designed to supplement the initial mishap notification once more detailed information is known. Following a mishap, the assigned FAA Mishap Response Coordinator (MRC) will contact the designated operator point of contact (POC). The FAA MRC will be the primary POC for all mishap-related inf

		Note: The FAA recognizes the preliminary and sensitive nature of data contained in the five-day report and will treat the information appropriately. The operator should mark reports containing proprietary or information subject to ITAR accordingly. 

		Note: The FAA recognizes the preliminary and sensitive nature of data contained in the five-day report and will treat the information appropriately. The operator should mark reports containing proprietary or information subject to ITAR accordingly. 

		Note: The FAA recognizes the preliminary and sensitive nature of data contained in the five-day report and will treat the information appropriately. The operator should mark reports containing proprietary or information subject to ITAR accordingly. 





		8.3.1 Date and Time of the Mishap. 

		Section 450.173(c)(3)(i) first requires the preliminary report to identify the date and time of the mishap. The FAA recommends that operators use the Coordinated Universal Time (UTC) standard to report the date and time of the mishap. UTC is the time standard commonly used worldwide. 

		8.3.2 Description of the Mishap and Sequence of Events. 

		The preliminary report must include a description of the mishap and sequence of events leading up to it, to the extent known, under § 450.173(c)(3)(ii). The operator should write the description in a narrative form to aid in excluding speculative information. 

		8.3.3 Intended and Actual Locations. 

		Per § 450.173(c)(3)(iii), the operator must include the intended and actual location of the launch or reentry or other landing on Earth. For established locations, such as federal launch ranges or FAA-licensed launch sites, operators should include site names and locations. For non-established locations, operators should provide location 

		coordinates, nearest city, etc. A common choice of coordinates is latitude, longitude, and elevation. 

		8.3.4 Hazardous Debris Impact Points. 

		In accordance with § 450.173(c)(3)(iv), an operator must identify the location or coordinates of hazardous debris impact points, including those outside a planned landing site or designated hazard area, so that the FAA can assess potential public safety risks. If actual data on impact location does not exist or cannot be visually verified, an analysis can be provided. An acceptable means of analysis can be a propagation of the expected debris field based on the last known state vector or last known instanta

		8.3.5 Identification of the Vehicle. 

		Per § 450.173(c)(3)(v), an operator must identify the vehicle involved in the mishap. This section should include the name and general description of the launch or reentry vehicle involved. 

		8.3.6 Identification of any Payload. 

		Per § 450.173(c)(3)(vi), an operator must identify any payload. The identification should include the name and general description of any payload, including primary and secondary payloads. The FAA recommends identifying all payloads’ ownership, including any foreign ownership. 

		8.3.7 Number and General Description of any Fatalities or Injuries. 

		Per § 450.173(c)(3)(vii), an operator must provide the number and general description of all known injuries (fatality, serious injuries, minor injuries), including injuries to public and anyone involved with the launch or reentry activity. 

		8.3.8 Description and Estimated Cost of any Property Damage. 

		Per § 450.173(c)(3)(viii), an operator must provide a description and estimated cost of any property damage. This includes known damages to property associated with the activity, such as a payload, a launch or reentry vehicle, a facility involved with the activity, government property involved with the activity, or and any property not associated with the activity (e.g. public property). These damages should be based on the cost to repair or replace what was damaged as a result of a mishap. The “substantial

		8.3.9 Identification of Hazardous Materials. 

		Section 450.173(c)(3)(ix) requires an operator to identify all hazardous materials, as defined by § 401.7, involved in the event, whether on the vehicle, any payload, or on the ground. Operators should include the name and quantity of hazardous materials involved in the event. As listed under the Safety Precautions section of the PHSMA Emergency Response Guidebook, sources an operator may use to identify hazardous materials involved in a mishap may include: 

		 Placards, 

		 Placards, 

		 Placards, 



		 Container labels, 

		 Container labels, 



		 Shipping documents, 

		 Shipping documents, 



		 Rail car and road trailer identification charts, 

		 Rail car and road trailer identification charts, 



		 Safety Data Sheets, and 

		 Safety Data Sheets, and 



		 Knowledge of persons on scene, such as emergency first responders. 

		 Knowledge of persons on scene, such as emergency first responders. 





		8.3.10 Actions Taken to Contain the Consequences of the Event. 

		Section 450.173(c)(3)(x) requires an operator to identify any actions taken by anyone, including emergency response activities (fire, medical, law enforcement, etc.), to contain the consequences of the event (e.g. steps taken to secure the mishap site, any movement, or recovery of debris, etc.). 

		8.3.11 Weather Conditions at the Time of the Event. 

		Section 450.173(c)(3)(xi) requires an operator to describe the weather conditions at the time of the event. An operator can include local forecast information, range weather reports, weather balloon data, or other means of accurately reporting weather data. 

		8.3.12 Potential Consequences for other Similar Vehicles, Systems, or Operations. 

		Lastly, in accordance with § 450.173(c)(3)(xii) an operator must identify factors that may affect the safe operation of vehicles, systems, or operations of a similar type. Given that some commercially purchased hardware/software is common across operators, or proprietary hardware/software may be common within an operator’s vehicle fleet, this information could prevent mishaps due to similar failures of a common system or component, including ground and range systems. 

		  

		9 EMERGENCY RESPONSE REQUIREMENTS. 

		In accordance with § 450.173(d)(1), an operator must activate emergency response services as necessary to protect property and public safety. An operator must also maintain hazard area surveillance and clearance as necessary to protect public safety, pursuant to § 450.173(d)(2). Lastly, an operator must contain and minimize the consequences of a mishap, preserve data and physical evidence, and implement agreements with government authorities and emergency response services as necessary under § 450.173(d)(3)

		9.1 Activation of Emergency Response Services. 

		In accordance with § 450.173(d)(1), the mishap plan must contain procedures to ensure activation of emergency response services necessary to protect the public and property following a mishap. These procedures must address the evacuation and rescue of members of the public, taking into consideration debris dispersions, toxic plumes, and extinguishing fires in accordance with § 450.173(d)(1)(i) and (ii). As noted in paragraph 9.6 of this AC, an operator launching from a Federal launch site need not execute a

		9.1.1 Identify Stakeholders. 

		In accordance with § 450.173(b)(3), an operator must identify all stakeholders who may play a role, or have a stake in responding to an emergency. For example, employees are likely to be the first people aware of an emergency. They should know who to notify in the event of an emergency, how to secure a scene safely, when and where to evacuate, and be able to render basic first aid to coworkers, if needed. All parties involved in emergency response procedures should receive appropriate training relevant to t

		 Vehicle operations personnel, 

		 Vehicle operations personnel, 

		 Vehicle operations personnel, 



		 Payload owners/operators, 

		 Payload owners/operators, 



		 Launch or reentry site personnel, 

		 Launch or reentry site personnel, 



		 Fire department, 

		 Fire department, 



		 Emergency medical services, and 

		 Emergency medical services, and 



		 Members of the affected public. 

		 Members of the affected public. 





		9.1.2 Coordinating with Local Emergency First Responders. 

		Prior to the start of launch operations, an operator should coordinate with federal, state, and local authorities, and emergency first responders to familiarize them with their operations and any launch vehicle or site-specific hazards. The operator should use local emergency responders that are familiar with the area and terrain potentially associated with responding to a mishap. Pre-coordination and cooperation with these entities is critical to the general safety of all parties involved, as well as the p

		property, in responding to an emergency. Pre-coordination also helps ensure the availability of appropriate emergency and personal protective equipment based on the operation’s vehicle(s) or site hazards. Operators should ensure that responding fire departments are familiar with and equipped to respond to the specific hazards of their vehicle(s) or launch or reentry site. 

		9.1.3 Coordination in Rural Areas. 

		Many launch operations take place in remote areas far from large population centers. An on-pad explosion of a fully fueled launch vehicle could easily overwhelm a local volunteer fire department. In addition, local fire departments may not have the specialized equipment necessary to deal with unique hazards associated with such an event, such as hypergolic propellants. In such cases, it may be necessary to pre-position specialized assets nearby, or coordinate with a larger fire department further away that 

		9.1.4 Examples of Vehicle and Operational Hazards include: 

		 Vehicle composites, 

		 Vehicle composites, 

		 Vehicle composites, 



		 Propellants, 

		 Propellants, 



		 Oxidizers, 

		 Oxidizers, 



		 Pressure vessels, 

		 Pressure vessels, 



		 Unexploded ordnance, 

		 Unexploded ordnance, 



		 Oxygen systems, and 

		 Oxygen systems, and 



		 Batteries. 

		 Batteries. 





		9.1.5 First Responders Guide. 

		In support of emergency response activities and recovery operations, an operator should develop a quick reference guide for rapid dissemination to first responders, including those outside the local area who may not be aware of the hazards associated with the launch vehicle. In addition to the hazards listed above, contents of such a guide may include: 

		 The quantity and location of specific hazards (i.e. parachute mortars, hypergolic propellants, destruct charges, etc.), 

		 The quantity and location of specific hazards (i.e. parachute mortars, hypergolic propellants, destruct charges, etc.), 

		 The quantity and location of specific hazards (i.e. parachute mortars, hypergolic propellants, destruct charges, etc.), 



		 Recommended standoff distances, 

		 Recommended standoff distances, 



		 Appropriate personal protective equipment (PPE), and 

		 Appropriate personal protective equipment (PPE), and 



		 Launch operator point of contact information. 

		 Launch operator point of contact information. 





		9.1.6 Emergency Response Guidebook (ERG). 

		The ERG is a joint publication prepared by Transport Canada, the U.S. Department of Transportation, and the Secretariat of Communications and Transport of Mexico. The ERG, as revised, is intended for use by first responders during the initial phase of a transportation incident involving dangerous goods or hazardous materials. Basic safety recommendations include approaching and securing the scene, identifying hazards, assessing the situation, obtaining help, and response. The ERG includes a numerical and al

		Table 2 – ERG Alphabetical Example 

		Table

		TBody

		TR

		Span

		Name 

		Name 



		GUIDE No. 

		GUIDE No. 



		ID No. 

		ID No. 





		TR

		Span

		Oxygen, refrigerated liquid (cryogenic liquid) 

		Oxygen, refrigerated liquid (cryogenic liquid) 



		122 

		122 



		1073 

		1073 









		 

		9.1.6.1 In the example above, GUIDE No. 122 refers to “Gases – Oxidizing, Including Refrigerated Liquids.” This section identifies potential hazards associated with oxidizing gases; public safety considerations including, protective clothing and evacuation; emergency response procedures in the event of a fire, spill, or leak, and first aid considerations. 

		9.1.6.2 A digital copy of the ERG is available for download from the U.S. Department of Transportation, Pipeline, and Hazardous Materials Safety Administration’s website at: 

		9.1.6.2 A digital copy of the ERG is available for download from the U.S. Department of Transportation, Pipeline, and Hazardous Materials Safety Administration’s website at: 

		https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg

		https://www.phmsa.dot.gov/hazmat/erg/emergency-response-guidebook-erg



		. 



		9.1.7 Evacuating and Rescuing the Public. 

		In accordance with § 450.173(d)(1)(i), the mishap plan must contain procedures for evacuating and rescuing members of the public, taking into account debris dispersions, toxic plumes, and far-field blast overpressure or distance focusing overpressure (DFO). An operator should determine the needed actions in coordination with local emergency responders, based on the information available. In some cases, the best option may be evacuation. In others, sheltering-in-place may be best. For further considerations,

		Note: In preparing for potential evacuation or other emergency measures to prevent harm to the public, operators can also look to their toxic hazard release analyses prepared in accordance with §§ 450.139 and 450.187. These sections require operators to account for operational constraints and emergency procedures, such as evacuation plans or other constraints needed to protect the public from the effects of a toxic release from a vehicle or any of its components or payloads. 

		Note: In preparing for potential evacuation or other emergency measures to prevent harm to the public, operators can also look to their toxic hazard release analyses prepared in accordance with §§ 450.139 and 450.187. These sections require operators to account for operational constraints and emergency procedures, such as evacuation plans or other constraints needed to protect the public from the effects of a toxic release from a vehicle or any of its components or payloads. 

		Note: In preparing for potential evacuation or other emergency measures to prevent harm to the public, operators can also look to their toxic hazard release analyses prepared in accordance with §§ 450.139 and 450.187. These sections require operators to account for operational constraints and emergency procedures, such as evacuation plans or other constraints needed to protect the public from the effects of a toxic release from a vehicle or any of its components or payloads. 





		9.1.8 Extinguishing Fires. 

		The mishap plan must, in accordance with § 450.173(d)(1)(ii), contain procedures for controlling and extinguishing fires caused by licensed activities. As noted earlier, the allocation of roles and responsibilities shared between a launch operator and a site operator or federal range, including emergency response services, must be documented in the mishap plan or by other written means in accordance with § 450.173(b)(3). Under § 450.173(d)(5), operators may implement agreements with government authorities a

		9.2 Hazard Area Surveillance and Clearance. 

		In the event of mishap, in accordance with § 450.173(d)(2), the operator must maintain existing hazard area surveillance and clearance as necessary to protect public safety (e.g., through use of Notices to Mariners (NOTMAR) and Notices to Airmen (NOTAM), roadblocks, or facility access). All personnel assigned to maintain hazard area surveillance and clearance should know their role and actions to take following a mishap. These procedures can include: 

		 Holding current clearance areas up until hazards are contained; 

		 Holding current clearance areas up until hazards are contained; 

		 Holding current clearance areas up until hazards are contained; 



		 Adding surveillance or reducing hazard area surveillance based on the location and impact of the mishap; and expanding or reducing personnel as needed for different mishap scenarios. 

		 Adding surveillance or reducing hazard area surveillance based on the location and impact of the mishap; and expanding or reducing personnel as needed for different mishap scenarios. 





		9.3 Restricting Hazard Area until Debris Collection is Complete. 

		In the event of a mishap that results in debris impacts on land, operator personnel or other emergency responders should be prepared to maintain, expand, or establish a new ground hazard area(s) until all fires are extinguished, and the extent of any remaining hazards can be verified. Access to the launch pad and immediate surrounding area could remain restricted for several days while debris documentation and collection occurs, or while any relevant ground system evidence is collected, such as commodity sa

		9.4 Containing and Minimizing the Consequences of an Event. 

		In accordance with § 450.173(d)(3), an operator is responsible for containing and minimizing the consequences of a mishap caused by its activities, to include securing impact areas to ensure no members of the public enter, safely disposing of hazardous materials, and controlling hazards at the site or impact area. 

		9.4.1 Site Security. 

		Methods of securing a site include roadblocks, checkpoints, fenced or roped off areas, and utilization of and cooperation with local authorities to protect the public from entering potentially hazardous areas. 

		9.4.2 Disposal of Hazardous Materials. 

		In accordance with § 450.173(d)(3)(ii), the mishap plan must include procedures for proper disposal of hazardous materials, including contaminated water and soil, as applicable. Prior to disposal, contaminated material should be isolated or stored in a separate, secured location. Hazardous debris must be disposed of in accordance with applicable safety and environmental requirements. Operators may not dispose of debris associated with a mishap until the FAA notifies the operator that the debris no longer ne

		9.4.3 Controlling Access to a Mishap Site. 

		Ensure that only authorized personnel can access a mishap site. Examples include: 

		 Setting up a perimeter with temporary fencing or caution tape. 

		 Setting up a perimeter with temporary fencing or caution tape. 

		 Setting up a perimeter with temporary fencing or caution tape. 



		 Access control to the temporary hazard location. 

		 Access control to the temporary hazard location. 



		 Establishing a single point of entry and egress. 

		 Establishing a single point of entry and egress. 



		 Central sign in/out location to account for all personnel. 

		 Central sign in/out location to account for all personnel. 



		 Coordination and cooperation with local authorities and emergency first responders. 

		 Coordination and cooperation with local authorities and emergency first responders. 





		9.4.4 Safing and Securing the Mishap Site. 

		In an effort to contain and minimize the consequences of the mishap and maintain site integrity for investigation, the operator should safe and secure a mishap site as soon as possible. Safing refers to the steps necessary to identify and remove hazards from the mishap site following documentation. The mishap plan should prioritize the removal of debris presenting a public safety hazard, including debris affecting marine/navigable waterways, public roads, public gathering areas, facilities, etc. Based on th

		 Identify who is responsible for identifying and mitigating hazards; 

		 Identify who is responsible for identifying and mitigating hazards; 

		 Identify who is responsible for identifying and mitigating hazards; 



		 Identify who is responsible for securing the mishap site; 

		 Identify who is responsible for securing the mishap site; 



		 Include a process for accessing the mishap site (i.e., who is authorized and when, training and personnel protection equipment requirements, etc.); and 

		 Include a process for accessing the mishap site (i.e., who is authorized and when, training and personnel protection equipment requirements, etc.); and 



		 Include guidance on the treatment of debris, etc. 

		 Include guidance on the treatment of debris, etc. 





		9.5 Preserving Data and Physical Evidence. 

		In accordance with § 450.173(d)(4), the mishap plan must contain procedures for collecting and preserving data and physical evidence. The mishap plan should also identify the individual(s) responsible for collecting and preserving data and physical evidence, and ensure that these individuals have sufficient technical knowledge and familiarity with the vehicle to identify and locate major vehicle systems, components, 

		and hazards. The mishap plan should also establish a location for securing data and physical evidence, as well as methods of maintaining a chain of custody, logging evidence, controlling access, and other means to safeguard integrity of data and physical evidence. Hazardous debris, such as unexploded ordnance, should be stored in a separate, secured facility, with access restricted to appropriately trained and certified personnel. As noted in AC 437.73-1, to assist in determining root cause and corrective a

		 Analysis and test results, 

		 Analysis and test results, 

		 Analysis and test results, 



		 Change control documents, 

		 Change control documents, 



		 Contracts, 

		 Contracts, 



		 Correspondence, 

		 Correspondence, 



		 Debris, 

		 Debris, 



		 Design drawings and specifications, 

		 Design drawings and specifications, 



		 Environmental factors (workplace environment, weather conditions), 

		 Environmental factors (workplace environment, weather conditions), 



		 Equipment history logs, 

		 Equipment history logs, 



		 Inspection and Maintenance records, 

		 Inspection and Maintenance records, 



		 Policies, procedures, and work logs 

		 Policies, procedures, and work logs 



		 Training documentation, 

		 Training documentation, 



		 Vehicle close out photographs, 

		 Vehicle close out photographs, 



		 Vehicle telemetry, 

		 Vehicle telemetry, 



		 Vendor manuals, 

		 Vendor manuals, 



		 Voice and video recordings, and 

		 Voice and video recordings, and 



		 Witness statements. 

		 Witness statements. 





		  

		9.5.1 Treatment of Debris. 

		In general, an operator should not move or disturb debris without prior approval from the investigative authority, except to remove injured or trapped persons, to protect the wreckage from further damage, or to protect the public from injury. Prior to moving debris, the debris should be fully documented (measured, photographed, etc.), and location recorded for investigative purposes to the extent possible without hindering efforts to protect public safety in accordance with § 450.173(d)(4). 

		Note: As noted in the Streamlined Launch and Reentry Licensing Requirements Notice of Proposed Rulemaking, the FAA considers debris to be a physical record of the mishap’s occurrence. Section 450.219(b) requires operators to maintain records, including debris, associated with a mishap until the FAA advises the licensee that the records need not be retained. 

		Note: As noted in the Streamlined Launch and Reentry Licensing Requirements Notice of Proposed Rulemaking, the FAA considers debris to be a physical record of the mishap’s occurrence. Section 450.219(b) requires operators to maintain records, including debris, associated with a mishap until the FAA advises the licensee that the records need not be retained. 

		Note: As noted in the Streamlined Launch and Reentry Licensing Requirements Notice of Proposed Rulemaking, the FAA considers debris to be a physical record of the mishap’s occurrence. Section 450.219(b) requires operators to maintain records, including debris, associated with a mishap until the FAA advises the licensee that the records need not be retained. 





		9.5.2 Documenting Physical Evidence. 

		When possible, the operator should systematically document, collect, protect, and preserve physical evidence. Operators should collect evidence in a manner that permits future evaluation of how and why the mishap occurred. The mishap plan should consider the following: 

		9.5.2.1 Site Documentation – Using sketches and maps to document the overall scene and position of debris. Geotagged photos are especially beneficial when documenting a site and debris distribution. 

		9.5.2.2 Cataloging Debris – Document individual debris components, including physical location (coordinates), debris dimensions, weight, and general description of the item. Operators should document this information in a centralized evidence log. 

		9.5.2.3 Photographing Debris – Photography is a valuable tool for documenting the overall mishap site, location of individual debris relative to the overall site, configuration, and condition. When photographing debris, the FAA recommends using GPS-equipped cameras. Bring sufficient memory cards and at least one spare set of batteries. Rulers or items of a known physical size should be included in close-up pictures to show scale and perspective. For each group of photographs, an overall photograph showing p

		Note: Refer to the “Initial Photography” section of FAA Order 8020.11D, as revised, for additional considerations when photographing a mishap site. 

		Note: Refer to the “Initial Photography” section of FAA Order 8020.11D, as revised, for additional considerations when photographing a mishap site. 

		Note: Refer to the “Initial Photography” section of FAA Order 8020.11D, as revised, for additional considerations when photographing a mishap site. 

		Note: Refer to the “Initial Photography” section of FAA Order 8020.11D, as revised, for additional considerations when photographing a mishap site. 







		Table 3 – Sample Photo Log 

		Table

		TBody

		TR

		Span

		Photo # 

		Photo # 



		Content 

		Content 



		Type 

		Type 



		Location 

		Location 





		TR

		Span

		001 

		001 



		Debris field 

		Debris field 



		Overview (O) 

		Overview (O) 



		123.45N, 17.32W 

		123.45N, 17.32W 





		TR

		Span

		002 

		002 



		Stage 1 skin fragment 

		Stage 1 skin fragment 



		Close Up (C) 

		Close Up (C) 



		NW, 150’ 

		NW, 150’ 









		9.5.2.4 Debris Handling – An operator should thoroughly document debris before handling it. When handling debris, never try to fit pieces back together. Touching fracture surfaces, especially to each other, destroys evidence of the fracture type. The type of fracture could be the only evidence of the vehicle’s failure mode. 

		 Movement of debris due to emergency first responder activities should be recorded. Talk to first responders to determine what may have been moved and ask for any documentation (photographs or video) they may have documenting debris movement. Also, in the event debris was cut during rescue efforts, record all cuts. 

		 Movement of debris due to emergency first responder activities should be recorded. Talk to first responders to determine what may have been moved and ask for any documentation (photographs or video) they may have documenting debris movement. Also, in the event debris was cut during rescue efforts, record all cuts. 

		 Movement of debris due to emergency first responder activities should be recorded. Talk to first responders to determine what may have been moved and ask for any documentation (photographs or video) they may have documenting debris movement. Also, in the event debris was cut during rescue efforts, record all cuts. 



		 Debris should only be handled by trained and qualified personnel having the proper personal protective equipment required based on known site hazards. Refer to FAA Order 8020.11, as revised, for more information on the handling of wreckage (debris) and precautions that should be taken into consideration. 

		 Debris should only be handled by trained and qualified personnel having the proper personal protective equipment required based on known site hazards. Refer to FAA Order 8020.11, as revised, for more information on the handling of wreckage (debris) and precautions that should be taken into consideration. 





		9.5.2.5 Tagging Debris – The operator should tag and document all recovered debris. The operator should use tags with strings to identify parts and avoid tags with metal wires as they may damage the debris further. If containers are used to store debris, ensure they are soft compared to the debris being stored or that the debris is sufficiently protected (i.e. wrapped in bubble wrap). You can use plastic bags or bins for small pieces of metal and some composites. If debris is chemically contaminated, ensure

		 Debris catalog number, 

		 Debris catalog number, 

		 Debris catalog number, 



		 Photo number(s), 

		 Photo number(s), 



		 Part name or unique identifier, 

		 Part name or unique identifier, 



		 Part or serial number, if known, and 

		 Part or serial number, if known, and 



		 Recovery location (Geotagged photos may eliminate this need). 

		 Recovery location (Geotagged photos may eliminate this need). 





		9.5.2.6 Additional Documentation – Further considerations to ensure a mishap site is fully documented include: 

		 Obtain names and contact information of critical personnel on-scene, 

		 Obtain names and contact information of critical personnel on-scene, 

		 Obtain names and contact information of critical personnel on-scene, 



		 Obtain photos or other documentation of the mishap site from first responders such as fire department, law enforcement, and rescue personnel, 

		 Obtain photos or other documentation of the mishap site from first responders such as fire department, law enforcement, and rescue personnel, 



		 Collect contact information from all witnesses and first responders for interviews or statements, and 

		 Collect contact information from all witnesses and first responders for interviews or statements, and 



		 Collect video evidence. 

		 Collect video evidence. 



		Note: See FAA Order 8020.11, as revised for additional considerations. 

		Note: See FAA Order 8020.11, as revised for additional considerations. 

		Note: See FAA Order 8020.11, as revised for additional considerations. 







		9.6 Implementing Agreements. 

		In accordance with § 450.147(a)(4), the operator is responsible for entering into agreements with government authorities and emergency response providers, as necessary, to satisfy the requirements of § 450.173. Section 450.173(d)(5) requires operators to implement agreements with governments and emergency responders as necessary to satisfy § 450.173. This can include, but is not limited to: 

		 Emergency medical and fire services, 

		 Emergency medical and fire services, 

		 Emergency medical and fire services, 



		 Local law enforcement, 

		 Local law enforcement, 



		 Federal launch range/installation emergency response services, and 

		 Federal launch range/installation emergency response services, and 



		 Local city or county emergency operation centers. 

		 Local city or county emergency operation centers. 



		Note: Section 450.173(d)(5) requires an operator to implement agreements with government authorities and emergency responders “as necessary” to satisfy the requirements of § 450.173. An operator that launches from a Federal launch or reentry site, or licensed launch or reentry site is not required to execute agreements with local authorities if their launch or reentry site use agreement, as required by § 450.147(a)(1), has the necessary coordination in place to satisfy the requirements of § 450.173. 

		Note: Section 450.173(d)(5) requires an operator to implement agreements with government authorities and emergency responders “as necessary” to satisfy the requirements of § 450.173. An operator that launches from a Federal launch or reentry site, or licensed launch or reentry site is not required to execute agreements with local authorities if their launch or reentry site use agreement, as required by § 450.147(a)(1), has the necessary coordination in place to satisfy the requirements of § 450.173. 





		  

		10 MISHAP INVESTIGATION REQUIREMENTS. 

		Under § 450.173(e), in the event of a mishap, the operator must investigate the root cause of the mishap and report the investigation results to the FAA. 

		10.1 Investigation Procedures. 

		The operator’s mishap plan should clearly document the procedures for investigating the root cause of a mishap and for reporting results to the FAA. As noted earlier, in accordance with § 450.173(b), the mishap plan must clearly delineate responsibilities of personnel assigned to conduct an investigation and anyone retained to conduct, or participate in, any mishap investigation. The mishap plan procedures should include, but are not limited to, the following: 

		 Composition of the mishap investigation team, to include investigation team lead and minimum team members. These procedures should include provisions to expand the team membership based on additional expertise to support the investigation, as required. 

		 Composition of the mishap investigation team, to include investigation team lead and minimum team members. These procedures should include provisions to expand the team membership based on additional expertise to support the investigation, as required. 

		 Composition of the mishap investigation team, to include investigation team lead and minimum team members. These procedures should include provisions to expand the team membership based on additional expertise to support the investigation, as required. 



		 Coordination with industry and government stakeholders to ensure the proper level of support for the investigation. 

		 Coordination with industry and government stakeholders to ensure the proper level of support for the investigation. 



		 Documented method for determining root cause of the event, including what happened, how it happened, and why it happened. Root cause should extend beyond the technical cause of the event and include organizational root causes (e.g., insufficient training for employees, decreased safety culture, overlooked employee safety concerns, etc.). 

		 Documented method for determining root cause of the event, including what happened, how it happened, and why it happened. Root cause should extend beyond the technical cause of the event and include organizational root causes (e.g., insufficient training for employees, decreased safety culture, overlooked employee safety concerns, etc.). 



		 Documented description of the investigative review process, including the review and approval of data packages supporting root cause and corrective action determinations. Procedures should also address the recording of any dissenting opinions. 

		 Documented description of the investigative review process, including the review and approval of data packages supporting root cause and corrective action determinations. Procedures should also address the recording of any dissenting opinions. 



		 Detail/explanation on how applicable supporting analysis will be performed (i.e., methodology, tools, criteria or standards, etc.). 

		 Detail/explanation on how applicable supporting analysis will be performed (i.e., methodology, tools, criteria or standards, etc.). 



		 Provide for periodic updates to the FAA during the course of an investigation, on a schedule as mutually agreed upon between the operator and the FAA. 

		 Provide for periodic updates to the FAA during the course of an investigation, on a schedule as mutually agreed upon between the operator and the FAA. 





		10.2 Root Cause Analysis. 

		The root cause is the fundamental reason or underlying cause that, if eliminated, would mean the mishap would not have occurred. The root cause differs from the proximate or direct cause, which is the immediate cause of the problem leading to a mishap. For example, a loose fuel line, resulting in a fuel leak would be the proximate cause of an inflight fire. However, the failure of a technician to torque and safety wire the fuel line b-nut may be a root cause of the problem. 

		  

		10.2.1 A mishap may have multiple root causes. To identify a root cause, it is necessary to look beyond the direct cause, to perform a root cause analysis and understand potential organizational deficiencies as well the technical issue. In the example provided in paragraph 10.2 of this AC, a root cause analysis may determine that the technician did not follow existing procedures. Similarly, it may determine that the procedures were inadequate, or that the organization did not employ the standard of independ

		10.2.2 A root cause analysis should include the following steps at a minimum. 

		 Scope of the Investigation – an operator should identify the bounds of the investigation including timeframe of the occurrence, systems that had the ability to contribute to the event, and any accepted risk items or issues related to those systems. 

		 Scope of the Investigation – an operator should identify the bounds of the investigation including timeframe of the occurrence, systems that had the ability to contribute to the event, and any accepted risk items or issues related to those systems. 

		 Scope of the Investigation – an operator should identify the bounds of the investigation including timeframe of the occurrence, systems that had the ability to contribute to the event, and any accepted risk items or issues related to those systems. 



		 Event Timeline – an operator should identify a general timeline of the operations leading up to and during the occurrence. 

		 Event Timeline – an operator should identify a general timeline of the operations leading up to and during the occurrence. 



		 Root Cause Analysis Process – an operator should define a process for its investigation. This should include the investigation methodology (e.g., fault tree, fishbone, video analysis, etc.), integration between engineering investigation teams, presentation of determinations made by engineering investigation teams to the investigation board, and board member voting or decision-making processes. 

		 Root Cause Analysis Process – an operator should define a process for its investigation. This should include the investigation methodology (e.g., fault tree, fishbone, video analysis, etc.), integration between engineering investigation teams, presentation of determinations made by engineering investigation teams to the investigation board, and board member voting or decision-making processes. 



		 Causal Factor Process – an operator should have an iterative process to continue investigating areas of concerns until finding a true root cause (e.g., the “5-whys”). This most typically ends at an organizational root cause linked to design, operations, or both. 

		 Causal Factor Process – an operator should have an iterative process to continue investigating areas of concerns until finding a true root cause (e.g., the “5-whys”). This most typically ends at an organizational root cause linked to design, operations, or both. 



		 Identify and Implement Preventive Measures – an operator should identify and implement preventive measures on future and existing vehicles to ensure that the mishap does not recur such that public safety is not impacted. 

		 Identify and Implement Preventive Measures – an operator should identify and implement preventive measures on future and existing vehicles to ensure that the mishap does not recur such that public safety is not impacted. 



		 Preventative Measures Follow-Up – an operator’s plan should include a process for following up to verify the implementation and effectiveness of preventative measures. This follow-up should ensure preventative measures remain adequate and did not result in or introduce an unintended consequence. 

		 Preventative Measures Follow-Up – an operator’s plan should include a process for following up to verify the implementation and effectiveness of preventative measures. This follow-up should ensure preventative measures remain adequate and did not result in or introduce an unintended consequence. 





		10.3 Reporting Investigation Results to the FAA. 

		The purpose of a mishap investigation report is to clearly and concisely document and convey the results of the investigation. The final, signed mishap investigation report must be submitted for FAA review, in accordance with § 450.173(e)(2). The FAA recommends use of the NASA mishap report format, as documented in NASA Procedural Requirements (NPR 8621.1, as revised), which includes the following sections: 

		 Section 1: Signature pages, list of consultants, and executive summary. 

		 Section 1: Signature pages, list of consultants, and executive summary. 

		 Section 1: Signature pages, list of consultants, and executive summary. 



		 Section 2: Narrative description and facts (what, when, where, and how). 

		 Section 2: Narrative description and facts (what, when, where, and how). 





		 Section 3: Type of data gathered and data analysis (timeline; analytical techniques used; fault tree, or similar graphical representation). 

		 Section 3: Type of data gathered and data analysis (timeline; analytical techniques used; fault tree, or similar graphical representation). 

		 Section 3: Type of data gathered and data analysis (timeline; analytical techniques used; fault tree, or similar graphical representation). 



		 Section 4: Findings (and evidence on which those findings are based, proximate and root causes, and contributing factors). 

		 Section 4: Findings (and evidence on which those findings are based, proximate and root causes, and contributing factors). 



		 Section 5: Recommendations (preventative measures and corrective actions to avoid a recurrence of the event). 

		 Section 5: Recommendations (preventative measures and corrective actions to avoid a recurrence of the event). 



		 Section 6: Minority report, if applicable. 

		 Section 6: Minority report, if applicable. 



		Note: The final mishap report should contain all applicable document markings (Proprietary, International Traffic in Arms Regulations (ITAR)) necessary to restrict its release in accordance with 14 CFR 413.9, as appropriate. 

		Note: The final mishap report should contain all applicable document markings (Proprietary, International Traffic in Arms Regulations (ITAR)) necessary to restrict its release in accordance with 14 CFR 413.9, as appropriate. 



		Note: The executive summary should include a publically releasable description of the mishap, findings, and preventative measures or corrective actions. 

		Note: The executive summary should include a publically releasable description of the mishap, findings, and preventative measures or corrective actions. 





		10.4 FAA and National Transportation Safety Board (NTSB) Investigations. 

		Based on the severity and consequences of the event, the FAA or NTSB may initiate an investigation to determine root or probable cause and make recommendations for avoiding a recurrence of the event. In the event of a Federal investigation, the operator will be a participant/party to the investigation. However, the operator may conduct a concurrent investigation in accordance with their approved mishap plan provided it does not interfere with the Federal investigation. 

		Note: In accordance with § 450.209(a), a licensee must allow access by, and cooperate with, Federal officers or employees or other individuals authorized by the FAA to observe any of its activities, or any of its contractors’ or subcontractors’ activities, associated with the conduct of a licensed launch or reentry. In addition, per § 450.13, issuance of a vehicle operator license does not relieve a licensee of its obligation to comply with all applicable requirements of law or regulation that may apply to 

		Note: In accordance with § 450.209(a), a licensee must allow access by, and cooperate with, Federal officers or employees or other individuals authorized by the FAA to observe any of its activities, or any of its contractors’ or subcontractors’ activities, associated with the conduct of a licensed launch or reentry. In addition, per § 450.13, issuance of a vehicle operator license does not relieve a licensee of its obligation to comply with all applicable requirements of law or regulation that may apply to 

		Note: In accordance with § 450.209(a), a licensee must allow access by, and cooperate with, Federal officers or employees or other individuals authorized by the FAA to observe any of its activities, or any of its contractors’ or subcontractors’ activities, associated with the conduct of a licensed launch or reentry. In addition, per § 450.13, issuance of a vehicle operator license does not relieve a licensee of its obligation to comply with all applicable requirements of law or regulation that may apply to 





		10.5 Press Conferences and Press Releases. 

		All operator press conferences and press releases related to a commercial space transportation mishap should be coordinated with the FAA. Press conference coordination should take place with enough advanced notification to allow for FAA participation as required. Press releases should be coordinated with the FAA’s Office of Communication prior to release. 

		10.6 Release of Investigative Information. 

		In the event of a Federal investigation, the release of investigative information should be coordinated with the lead investigative agency. 

		  

		10.6.1 FAA Investigations. 

		In the event of an FAA investigation, the FAA’s Office of Communications is responsible for the release of information to the public. All operator press releases should be coordinated with the FAA’s Office of Communication in coordination with the Office of Commercial Space Transportation prior to release. 

		10.6.2 NTSB Investigations. 

		In the event of an NTSB investigation, the release of information to the public must be coordinated with the NTSB Investigator in Charge (IIC) in accordance with 49 CFR § 831.13(c). Refer to 49 CFR § 831.13, Provision and dissemination of investigative information, for more details. 

		11 PREVENTATIVE MEASURES. 

		In accordance with § 450.173(f), an operator must identify and implement preventative measures for avoiding the recurrence of a mishap, following the determination of root cause and contributing factors. Corrective actions should not only address technical root causes, but also any organizational root causes. Unless otherwise approved by the FAA, in accordance with § 450.173(f), an operator must implement preventative measures prior to the next flight. Operators often identify several preventative measures.

		 Process for identifying and approving preventative measures and corrective actions, 

		 Process for identifying and approving preventative measures and corrective actions, 

		 Process for identifying and approving preventative measures and corrective actions, 



		 Process for validating that proposed preventative measures and corrective actions are correct, complete, and feasible, 

		 Process for validating that proposed preventative measures and corrective actions are correct, complete, and feasible, 



		 Process and timeline for implementing preventative measures and corrective actions, and 

		 Process and timeline for implementing preventative measures and corrective actions, and 



		 Process for implementing and verifying preventative measures and corrective actions are effective. 

		 Process for implementing and verifying preventative measures and corrective actions are effective. 





		  

		12 MISHAP RECORDS. 

		12.1 Records Retention. 

		Under 14 CFR § 450.173(g), operators are required to maintain all records associated with a mishap in accordance with § 450.219(b). Section 450.219(b) requires an operator to preserve all records related to an event that meets paragraph (1) through (5), or (8) of the definition of mishap, as defined in § 401.7. An operator must retain and make available to Federal officials for inspection or copying all records covered by § 450.219(b) until completion of any Federal investigation and notification from the F

		Note: Licensed launch site operators and experimental permittees are required to retain records in accordance with §§ 420.61 and 437.87, respectively. 

		Note: Licensed launch site operators and experimental permittees are required to retain records in accordance with §§ 420.61 and 437.87, respectively. 

		Note: Licensed launch site operators and experimental permittees are required to retain records in accordance with §§ 420.61 and 437.87, respectively. 





		12.2 Debris Disposal. 

		Although the FAA considers debris to be a physical record of a mishap occurrence, the FAA does not expect operators to retain debris for more than three years following the completion of a mishap investigation. Section 450.219(b) requires operators to maintain records, including debris, associated with a mishap until the FAA advises the licensee that the records need not be retained. Hazardous debris must be disposed of in accordance with applicable safety and environmental requirements. 

		12.3 Incorporating Recordkeeping into the Mishap Plan. 

		The FAA recommends incorporating the records requirements of § 450.219 into the mishap plan to ensure all required records and physical evidence are properly maintained. For any mishap that occurs that meets paragraphs (1) through (5), and (8) of § 401.7, an operator must preserve all records related to the event in accordance with § 450.219(b). Operators shall retain the records until any Federal investigation is complete and the FAA advises the licensee that the records can be disposed. 

		13 APPLICATION REQUIREMENTS. 

		Under § 450.173(h), an applicant must submit a plan or other written means satisfying these requirements of this section. A plan developed in accordance with this AC satisfies the requirements of 14 CFR § 450.173. 

		Note: In addition to a mishap plan, per § 450.189(e), an operator must have general emergency procedures that apply to any emergencies not covered by the mishap plan of § 450.173 that may create a hazard to the public.  

		Note: In addition to a mishap plan, per § 450.189(e), an operator must have general emergency procedures that apply to any emergencies not covered by the mishap plan of § 450.173 that may create a hazard to the public.  

		Note: In addition to a mishap plan, per § 450.189(e), an operator must have general emergency procedures that apply to any emergencies not covered by the mishap plan of § 450.173 that may create a hazard to the public.  





		Appendix A. Sample Mishap Notification Checklist Template. 

		Table

		TBody

		TR

		Span

		[Insert position responsible for completing tasks] Mishap Notification Checklist 

		[Insert position responsible for completing tasks] Mishap Notification Checklist 





		TR

		Span

		In the event of a mishap… 

		In the event of a mishap… 



		Notify the FAA Washington Operation Center 

		Notify the FAA Washington Operation Center 





		TR

		Span

		1. Involving a fatality or serious injury 

		1. Involving a fatality or serious injury 

		1. Involving a fatality or serious injury 

		1. Involving a fatality or serious injury 







		Immediately 

		Immediately 



		Phone: (202) 267-3333 

		Phone: (202) 267-3333 

		Toll-free: (800) 322-3804 

		Email: 

		Email: 

		9-awa-ash-woc@faa.gov

		9-awa-ash-woc@faa.gov



		 



		Fax: (202) 267-5289 





		TR

		Span

		2. Not involving a fatality or serious injury 

		2. Not involving a fatality or serious injury 

		2. Not involving a fatality or serious injury 

		2. Not involving a fatality or serious injury 







		Within 24-hours 

		Within 24-hours 





		TR

		Span

		Submit a preliminary written report including the following information, as applicable, to… 

		Submit a preliminary written report including the following information, as applicable, to… 



		FAA Office of Commercial Space Transportation  

		FAA Office of Commercial Space Transportation  





		TR

		Span

		(i) Date and time of the mishap; 

		(i) Date and time of the mishap; 

		(i) Date and time of the mishap; 

		(i) Date and time of the mishap; 



		(ii) Description of the mishap and sequence of events leading to the mishap, to the extent known; 

		(ii) Description of the mishap and sequence of events leading to the mishap, to the extent known; 



		(iii) Intended and actual location of the launch or reentry or other landing on Earth; 

		(iii) Intended and actual location of the launch or reentry or other landing on Earth; 



		(iv) Hazardous debris impact points, including those outside a planned landing site or designated hazard area; 

		(iv) Hazardous debris impact points, including those outside a planned landing site or designated hazard area; 



		(v) Identification of the vehicle; 

		(v) Identification of the vehicle; 



		(vi) Identification of any payload; 

		(vi) Identification of any payload; 



		(vii) Number and general description of any fatalities or injuries; 

		(vii) Number and general description of any fatalities or injuries; 



		(viii) Description and estimated costs of any property damage; 

		(viii) Description and estimated costs of any property damage; 



		(ix) Identification of hazardous materials, as defined in § 401.7 of this chapter, involved in the event, whether on the vehicle, any payload, or on the ground; 

		(ix) Identification of hazardous materials, as defined in § 401.7 of this chapter, involved in the event, whether on the vehicle, any payload, or on the ground; 



		(x) Action taken by any person to contain the consequences of the event; 

		(x) Action taken by any person to contain the consequences of the event; 



		(xi) Weather conditions at the time of the event; and 

		(xi) Weather conditions at the time of the event; and 



		(xii) Potential consequences for other similar vehicles, systems, or operations. 

		(xii) Potential consequences for other similar vehicles, systems, or operations. 







		Within five days of the mishap to the assigned FAA Mishap Response Coordinator. 

		Within five days of the mishap to the assigned FAA Mishap Response Coordinator. 

		800 Independence Avenue SW Washington, DC 20591 202-267-7793 202-267-5450 (fax) 





		TR

		Span

		Note: The lack of information known should not delay the immediate notification. 

		Note: The lack of information known should not delay the immediate notification. 
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1 PURPOSE. 
This Advisory Circular (AC) provides guidance and a comprehensive method for 
performing a ground safety analysis in accordance with title 14, Code of Federal 
Regulations (14 CFR) §§ 450.179, 450.181, 450.183, 450.185, and 450.189. This AC 
does not constitute a regulation and does not contain requirements but is intended to 
assist prospective applicants in obtaining commercial space licenses and ensure they are 
operating in compliance with commercial space regulations. 


1.1 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The Federal Aviation Administration (FAA) will 
consider other means of compliance that an applicant may elect to present. Throughout 
this document, the word “must” characterizes statements that directly flow from 
regulatory text and therefore reflect regulatory mandates. The word “should” describes a 
requirement if electing to use this means of compliance; variation from these 
requirements is possible, but must be justified and approved as an alternative means of 
compliance. The word “may” describes variations or alternatives allowed within the 
accepted means of compliance set forth in this AC. In general, these alternative 
approaches can be used only under certain situations that do not compromise safety. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators 
required to comply with 14 CFR part 450, Launch and Reentry License Requirements. 
The guidance in this AC is for those seeking a launch or reentry vehicle operator license 
and a licensed operator seeking to renew or modify an existing vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right and will not be relied upon by the FAA as 
a separate basis for affirmative enforcement action or other administrative penalty. 
Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. This AC describes acceptable means, but not the 
only means, for demonstrating compliance with the applicable regulations. 


2.3 The material in this AC does not change or create any additional regulatory requirements, 
nor does it authorize changes to, or deviations from, existing regulatory requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Related Statute. 
• 51 United States Code (U.S.C.) Subtitle V, Chapter 509. 


3.2 Related Regulations. 
The following regulations from titles 14 of the CFR must be accounted for when showing 
compliance with 14 CFR § 450.179. The full text of these regulations can be downloaded 
from the U.S. Government Printing Office e-CFR. A paper copy can be ordered from the 
Government Printing Office, Superintendent of Documents, Attn: New Orders, PO Box 
371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 420.63, Explosive siting. 


• Section 420.65, Separation distance requirements for handling division 1.1 and 1.3 
explosives. 


• Section 420.66, Separation distance requirements for storage of hydrogen peroxide, 
hydrazine, and liquid hydrogen and any incompatible energetic liquids stored within 
an intraline distance. 


• Section 420.67, Separation distance requirements for handling incompatible 
energetic liquids that are co-located. 


• Section 420.69, Separation distance requirements for co-location of division 1.1 and 
1.3 explosives with liquid propellants. 


• Section 420.70, Separation distance measurement requirements. 


• Section 450.35, Means of compliance. 


• Section 450.103, System safety program. 


• Section 450.107, Hazard control strategies. 


• Section 450.139, Toxic hazards for flight. 


• Section 450.141, Computing systems. 


• Section 450.147, Agreements. 


• Section 450.173, Mishap plan–reporting, response, and investigation requirements. 


• Section 450.179, Ground safety – general. 


• Section 450.181, Coordination with a site operator. 


• Section 450.183, Explosive site plan. 


• Section 450.185, Ground hazard analysis. 


• Section 450.187, Toxic hazards mitigation for ground operations. 


• Section 450.189, Ground safety prescribed hazard controls. 
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3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars (are available through the FAA website, http://www.faa.gov.) 


• AC 413.5-1, Pre-Application Consultation, when published. 


• AC 450.103-1, System Safety Program, dated September 2021. 


• AC 450.107-1, Hazard Control Strategies, dated July 20, 2021. 


• AC 450.109-1, Flight Hazard Analysis, dated August 5, 2021. 


• AC 450.139-1, Toxic Hazards for Flight, when published. 


• AC 450.141-1A, Computing Systems Safety, dated August 16, 2021. 


• AC 450.173-1, Mishap Reporting, Response, and Investigation, dated 
August 12, 2021. 


Note: The industry documents referenced in this section refer to the current revisions or 
regulatory authorities’ accepted revisions. 


3.4 Government Guidance Documents. 
• MIL-STD-882E, Department of Defense Standard Practice, System Safety, dated 


May 11, 2012, https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027. 


• Memorandum of Agreement between the Department of the Air Force and the 
Federal Aviation Administration for Launch and Reentry Activity on Department of 
the Air Force Ranges and Installations Agreement Number FAA-DAF-SLR-2021, 
dated June 15, 2021, 
https://www.faa.gov/space/legislation_regulation_guidance/media/MOA_DAF_FAA 
_Launch_and_Reentry_Activity_FINAL_SIGNED_6_15_2021.pdf. 


Note: The documents referenced in this section refer to the current regulatory 
authorities’ accepted revisions. 


4 DEFINITION OF TERMS. 
For this AC, the following terms and definitions apply: 


4.1 Countdown Abort. 
A method to abort a launch, including launch scrubs, recycle operations, hang-fires, or an 
instance in which the launch vehicle does not lift-off after a command to initiate flight 
has been sent. After a countdown abort, an operator must comply with § 450.189(c). 


4.2 Explosives Site Plan (ESP). 
A document that lists the attributes of each potential explosion site and the exposed sites 
it can potentially affect (workers, unrelated buildings, power lines, etc.) that demonstrates 
safe separation quantity-distances (QDs) are met or provides justification for violating 
QD distances. 
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4.3 Ground System. 
The integrated set of subsystems, personnel, and processes utilized for performing 
pre-flight and post-flight operations at a launch or reentry site. 


5 ACRONYMS. 
AC – Advisory Circular 


ESP – Explosives Site Plan 


FAA – Federal Aviation Administration 


FMEA – Failure Modes and Effects Analysis 


FTA – Fault Tree Analysis 


GHA – Ground Hazard Analysis 


HEA – Human Error Analysis 


MOA – Memorandum of Agreement 


O&SHA – Operating and Support Hazard Analysis 


QD – Quantity-distance 


SSP – System Safety Program 


TBD – To be Determined 


TRHA – Toxic Release Hazard Analysis 


U.S.C. – United States Code 


V&V – Validation and Verification 
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6 OVERVIEW. 


6.1 Objective of Ground Safety. 
In accordance with § 450.179(a), an operator must ensure ground safety at a U.S. launch 
or reentry site by protecting the public and property from adverse effects of hazardous 
operations and systems associated with: preparing a launch or reentry vehicle for flight; 
returning a launch or reentry vehicle to a safe configuration after landing or countdown 
abort attempt; and performing launch or reentry site operations required to return the site 
to a safe, known, expected configuration. Thus, the operator’s ground safety program is 
responsible for demonstrating regulatory compliance to §§ 450.179, 450.181, 450.183, 
450.185, 450.187, and 450.189, and ensuring protection of the public (including 
neighboring operations personnel) and property from hazards associated with licensed 
ground operations and activities involving ground systems and flight systems. 


6.2 Ground Safety Methodology. 
Ground Safety regulations, as outlined in §§ 450.179 through 450.189, cover many 
aspects, including: launch and reentry site coordination, explosive site planning, 
documenting a ground hazard analysis (GHA), conducting a toxic release hazard 
analysis (TRHA), and implementing prescribed hazard controls. The documented system 
safety program (SSP) should define the ground safety methodology to show compliance 
with these regulations, per guidance of AC 450.103-1, System Safety Program. 


6.3 Aspects of Ground Hazard Analysis. 
A GHA is required by § 450.185 and should provide an integrated assessment of the 
ground system, flight system, and operational hazards to the public and property 
associated with licensed pre-flight and post-flight ground operations. The GHA is utilized 
to derive ground hazard controls for implementation in addition to prescribed hazard 
controls defined in § 450.189. A GHA is a qualitative system safety analysis and should 
be performed similarly to a flight hazard analysis outlined in AC 450.109-1, Flight 
Hazard Analysis. The GHA should be performed early in system development and 
operation conceptualization to define the ground safety risk to the public and property in 
order to positively influence design and operation decisions. A GHA must be performed 
and documented as part of an application per § 450.185(f)(3) and continue to be 
maintained throughout the lifecycle of the launch or reentry system, in accordance with 
§ 450.185. A ground hazard analysis should: 


1. Identify system and operation hazards to the public and property associated with 
licensed pre-flight and post-flight ground operations involving the launch or reentry 
vehicle, ground hardware used by the launch site, and ground support equipment 
provided by the launch site or unique support equipment required by the system, 
along with associated software and firmware [§ 450.185(a)]; 


2. Assess the likelihood and severity of each hazard to the public [§ 450.185(b)]; 


3. Ensure that the ground safety risk associated with each hazard to the public and 
property meets defined acceptance criteria [§ 450.185(c)]; 
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4. Identify and describe the risk elimination and mitigation measures required to
satisfy the acceptance criteria [§ 450.185(d)]; and


5. Demonstrate that the risk elimination and mitigation measures achieve the
acceptable levels through validation and verification [§ 450.185(e)].


Chapter 10 of this AC further details aspects of a GHA. 


6.4 Formal Traceability of Ground Safety Hazards. 
Formal tracking methods should be established to show direct connections between all 
aspects of ground safety hazards to the public and property, source, causes, mitigations, 
and verification evidence. Hazard tracking systems may contain all the necessary data but 
do not typically show these direct connections. Table A-1 of Appendix A of this AC 
conveys the types of information that an applicant should provide to demonstrate 
traceability. 


6.5 Ground Safety Hazards and Software Safety. 
In accordance with § 450.141(a), if the GHA identifies software or data utilized in a 
subsystem or the integrated system as potential hazard sources or hazard controls, then 
the applicant should perform a software hazard analysis to identify computing system 
safety items and assess their level(s) of criticality. Per the guidance of AC 450.141-1, 
software hazard analyses identify potential software faults and their effects on the 
computing system and the system as a whole, as well as mitigation measures that can be 
used to reduce the risk. The analytical method and level of detail in the analysis should 
correspond to the complexity of the software and computing system, intricacy of the 
operations, and scope of the program. Also, software hazard analyses should consider a 
range of potential error conditions. 


7 GENERAL GROUND SAFETY. 


7.1 General Guidance. 
As part of the license application process, a licensed operator, hereafter referred to as 
“operator,” must document and ensure compliance to ground safety regulations in 
accordance with §§ 450.179, 450.181, 450.183, 450.185, 450.187, 450.189. To protect 
public and property at a U.S. launch or reentry site, the identification of hazardous 
ground operations and the risks associated with them must be documented in accordance 
with § 450.185. In accordance with § 450.179(a), the following operations, at a 
minimum, must be assessed for hazards affecting the public: 


• Preparing launch vehicle for flight, 


• Returning launch or reentry vehicle to safe condition after landing, 


• Returning launch or reentry vehicle to safe condition after aborted launch attempt, 
and 


• Returning launch or reentry site to safe condition. 
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7.2 Exemption Potential. 
In accordance with § 450.179(b) and (c), operations from a federal launch range may be 
exempt from §§ 450.181, 450.183, 450.185, 450.187, and 450.189, if they meet the 
following: 


1. The launch or reentry is being conducted from a Federal launch or reentry site; 


2. The operator has a written agreement with the Federal launch or reentry site for the 
provision of ground safety services and oversight; and 


3. The Administrator has determined that the Federal launch or reentry site’s ground 
safety processes, requirements, and oversight are not inconsistent with the Secretary’s 
statutory authority over commercial space activities. 


Note: If the site meets the conditions in § 450.179(b) and (c), the FAA will develop a 
Memorandum of Agreement (MOA) with the approved site and publish the MOA on 
FAA's website. 


7.2.1 Memorandums of Agreement with Approved Launch and Reentry Sites. 
When the FAA finds that a site meets the conditions in § 450.179(b), the FAA develops 
an MOA with the approved site and publishes the MOA on the FAA’s website at 
https://www.faa.gov/space/legislation_regulation_guidance/. If these conditions are met, 
then the operator can seek FAA permission during pre-application consultation to comply 
only with the ground safety regulations imposed by the Federal site. The FAA will 
publish, maintain, and update the Federal launch and reentry site ground safety MOAs on 
its website. 


7.3 Defining Ground Operations. 
To properly conduct ground safety, the pre-flight and post-flight operations should be 
defined and documented. This list of defined pre-flight and post-flight operations should 
include all systems and operations involving the vehicle or any payload. Doing so 
facilitates a thorough identification and assessment of system and operational hazards to 
the public and property associated with licensed ground operations at the launch or 
reentry site. At minimum, the operations within the scope of a license must be defined. 
Determining scope of license is discussed further in AC 413.5 Pre-Application 
Consultation. 
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8 SITE OPERATOR COORDINATION. 
It is important that the launch or reentry operator define roles, responsibilities, and 
timelines with the site operator to ensure that timely responses to mishaps are established 
prior to licensed hazardous operations at the launch or reentry site. When conducting a 
launch or reentry from a Federal site or site licensed under Part 420, License to operate a 
launch site or Part 433, License to operate a reentry site, the launch or reentry operator 
must coordinate with the site operator to ensure public safety and comply with 
§ 450.181(a). 


8.1 Control of Public Access. 
For public access control, the operator should identify the day, time, and length of 
controlled access required for each applicable location. Ground operations requiring fire 
department, medical, and other emergency or facility services should be made aware of 
the operations and their potential hazards and expected mitigations. 


8.2 Site Operator Agreements. 
In accordance with § 450.181(b), the operator must demonstrate they have coordinated 
with the site operator, and should demonstrate they have coordinated with other operators 
if applicable on their hazardous operations to establish roles and responsibilities for 
reporting, responding to, and investigating any mishap during ground activities at the site. 
In accordance with § 450.147, vehicle operators are required to have agreements with any 
sites or services that are necessary to meet the safety requirements for a license. The 
operator should identify the site operator agreements already in place to determine the 
applicability and intended execution. If the current site operator agreements already in 
place are not sufficient for the identified hazardous operations, then the operator must 
acquire the necessary modified or additional agreements. These agreements should be 
made available to the FAA and site operator for their awareness. 


8.3 Ground Hazard Area Designation and Coordination. 
The site coordination activity should include the identification of the ground operation 
hazardous processes, their potential exposure interval, and their mitigations. The impacts 
to other sites should be documented and evaluated as changes are made. The ESP, as 
discussed in greater detail in Chapter 9 of this AC, provides clear zones necessary to 
provide public protection from potential hazards. If the zones extend into other sites, the 
operator should adequately convey this information to the site operator for their required 
action. The operator and the site operators should define the mechanism by which they 
will communicate and acknowledge requests prior to and during the hazardous 
operations. 


8.3.1 In addition, coordination with other adjacent sites should include the examination of 
concurrent hazardous operations such that all mitigation procedures (from GHA, TRHA, 
and prescribed hazard mitigations) are evaluated for effectiveness. If the coordination 
efforts indicate a hazardous condition is not mitigated by the current controls, adequate 
mitigation(s) should be provided, or the launch or reentry event will be rescheduled. 
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8.3.2 Operators and site operators should ensure ground hazard areas remain controlled during 
a mishap according to documented emergency procedures defined in § 450.189(e). 


8.4 Mishap Reporting, Response, Investigation. 
The operator must assess and adhere to the site mishap reporting, response, and 
investigation requirements defined by § 450.173. This will ensure that prompt and 
effective responses to any mishaps provide adequate protection to the general public. 


8.4.1 In addition to developing an adequate mishap response plan, the operator must, in 
accordance with § 450.181(b) coordinate with the site operator to establish roles, 
responsibilities, and timelines associated with: 


• Reporting mishaps during ground activities at the launch or reentry site; 


• Investigations of mishaps during ground activities at the launch or reentry site; and 


• Responding to mishap reports for ground activities at the launch or reentry site. 


8.4.2 For additional information see AC 450.173-1, Mishap Reporting, Response, and 
Investigation. 


9 EXPLOSIVES SITE PLAN (ESP). 
Per § 450.183, an ESP for exclusive use sites must be documented and followed 
throughout the lifecycle of a licensed operation employing explosives and energetic 
liquids in accordance with §§ 420.63, 420.65, 420.66, 420.67, 420.69, and 420.70. 
Part 420 Appendix E contains tables that can be utilized to document the ESP. 


Note: In accordance with § 420.63(b), an applicant operating at a launch site located on a 
federal launch range does not have to comply with these requirements if the applicant is 
in compliance with the federal launch range's explosive safety requirements. 


Note: Licensed site operators, rather than licensed launch or reentry operators operating 
at an FAA-licensed site, are required to comply with the explosive siting requirements in 
Part 420. 
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10 GROUND HAZARD ANALYSIS. 
In accordance with § 450.185, the documented SSP must specify that, a GHA be 
performed, documented, and continually maintained throughout the life cycle of the 
launch or reentry system. A GHA should include an assessment of the launch or reentry 
vehicle, the launch or reentry integrated systems, ground support equipment, and other 
relevant site hardware and software. In its analysis, an applicant must identify hazards; 
assess the associated risk; and document mitigations, controls, and provisions for hazard 
control validation and verification, in accordance with § 450.185. 


Note: All regulated operators, including hybrid launch or reentry systems operators, need 
to prepare a ground hazard analysis to ensure public safety is protected. Hybrid launch or 
reentry vehicles may pose a risk to the public; therefore, the FAA also imposes these 
ground hazard analysis requirements on hybrid launch vehicles in order to identify and 
mitigate those risks. 


10.1 Identifying Hazards. 
The ground safety hazards referred to in a GHA generally result from: 


•  Ground and flight system hazards existing due to the current configuration or 
       operationally induced [ref § 450.185(a)(1)]; and 


•  Operation hazards unique to ground processing at a launch and reentry site 
   [ref § 450.185(a)(2)]. 


10.1.1 Identification and Decomposition of All System and Operation Failures. 
Analysis and supplemental data routinely utilized to identify system failures and their 
causes include: 


10.1.1.1 Functional Hazard Analysis for Flight System – A starting point for 
identifying flight system hazards is a functional hazard analysis. A 
functional hazard analysis is required for a flight system per § 450.107(b) 
and AC 450.107-1, Hazard Control Strategies Determination, provides 
guidance on conducting the analysis for phases of flight, which can be 
modified to account for ground phases. A functional hazard analysis is 
used to analyze system functions associated with the proposed operation. 
The functional hazard analysis is primarily used to identify and classify 
the overall system functions and consequences of functional failure or 
malfunction. The objective is to identify all potential system, subsystem, 
and component functional failures that could impact public safety. It is 
important to note that the identification of potential system safety hazards 
and respective functional sources (i.e., subsystem functional failures) 
should not consider any foreseeable or predetermined mitigation. 


10.1.1.2 Functional Hazard Analysis for Ground System – Similarly to a flight 
system, a starting point for identifying ground system hazards may utilize 
a functional hazard analysis. The guidance of AC 450.107-1, Hazard 
Control Strategies Determination, on conducting a functional hazard 
analysis for a flight system during phases of flight, can be modified to 


13 







 
 


 


 


 


 


  


 


 


  
 


  


 


09/22/2021 AC 450.179-1 


account for identifying functional failures of a ground system during 
phases of ground operations. 


10.1.1.3 Fault Tree Analysis (FTA) – A reliability engineering analysis that uses a 
logic diagram to identify and map causes of top-level events. Additionally, 
an FTA allows for: quantification of system failure probability, 
determination of fault tolerance, identification of common causes and 
single point failures, etc. 


10.1.1.4 Failure Modes and Effects Analysis (FMEA) – A reliability engineering 
analysis used to identify low-level component failures and their causes and 
assess their effects on higher-level systems. 


10.1.1.5 Human Error Analysis (HEA) – A systematic method of considering the 
possible errors and other human failures that may occur when performing 
a task. 


10.1.2 Documenting a Ground Hazard Analysis. 
GHAs are typically documented by identifying an assessing the hazards introduced by 
ground safety operational and support activities, systems, processes, and equipment 
similar to those outlined in Task 206, Operating and Support Hazard Analysis of 
MIL-STD 882. An example of how system requirement risks are mitigated and 
documented is found in Table A–1 System Safety Template of Appendix A. An O&SHA 
analyzes the processes and procedures of the entire operation while considering the 
source data discussed in the section above. 


10.1.2.1 Thus, the O&SHA allows for detailing all ground safety hazards due to 
potential system functional failures and operation failures associated with 
ground operations involving ground and flight systems. 


10.1.2.2 In accordance with § 450.185(a), the potential causes of all system and 
operation hazards should be identified as a precursor to apply mitigations 
to reduce or eliminate the ground safety hazards to the public and 
property. There will likely be multiple potential causes for each hazard. 
Each potential cause of a hazard should be specified to a level of detail 
where it is possible to apply a mitigation and the required level of 
verification. 


10.1.3 Hazard Traceability. 
Traceability ensures proper identification of ground safety hazards to the public for 
§ 450.185(a) and should be demonstrated from: 


1. Subsystem functional failures and operator failures to their causes; and 


2. Subsystem functional failures and operator failures to respective ground safety 
hazards to the public and property at the integrated system and operation level. 
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10.2 Hazard Assessment. 
The severity and likelihood of each ground safety hazard to the public and property must 
be assessed, in accordance with § 450.185(b), in order to determine the associated ground 
safety risk. The characterization of each ground safety risk allows for determining the 
necessity, and proper application, of any additional mitigation actions. 


10.2.1 Resources for Qualitative Assessment. 
Suitable assessment severity categories and likelihood level criteria should be determined 
for each specific program to demonstrate compliance with § 450.185(b) and (c). The risk 
assessment with respect to ground safety hazards to the public and property will utilize 
qualitative statements. AC 450.103-1, System Safety Program, provides guidance on 
severity categories and likelihood levels in Table A-1 of Appendix A. 


10.2.2 Utilizing a Systematic Assessment Process. 


10.2.2.1 The FAA encourages, but does not require, an operator to utilize a 
systematic development process that allows for a baseline assessment of 
pre-mitigation risk for each hazard. It is common system safety practice to 
assess risk prior to the implementation of a mitigation in order to 
deliberately design a mitigation strategy for each hazard. Pre-mitigation 
risk assessment also facilitates greater traceability from hazard cause 
through mitigation and verification. The FAA recognizes that some 
operators will not utilize a pre-mitigation risk assessment as is common in 
rapid development and experimental programs. The FAA recommends 
that operators who choose not to utilize a pre-mitigation risk assessment 
strategy discuss the appropriateness of their development process and any 
risk assessment assumptions during pre-application consultation. This 
strategy may not be acceptable with all programs. Irrespective of the 
applicant’s development process, post-mitigation risk assessment is 
required to determine the residual risk to the public and property posed 
during licensed ground operations to demonstrate compliance with 
§ 450.185(c). 


10.2.2.2 Additionally to ensure proper mitigation of system safety hazards to the 
public for § 450.185(d), risk assessment should be performed at the 
appropriate levels, primarily the: (1) subsystem and operator level; and (2) 
integrated system and operation level. Risk assessment at these levels 
allows for greater insight into the effectiveness of mitigations and 
verifications specific to each cause of each failure resulting in a ground 
safety hazard to the public and property and appropriate application of 
subsystem, integrated system and operation mitigations and verifications. 


10.2.3 Risk Assessment Traceability. 
Traceability ensures proper assessment for § 450.185(b) and should be demonstrated 
from the subsystem and operator level risk assessment to the integrated system and 
operation level risk assessment. 
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10.3 Risk Acceptability Criteria. 


10.3.1 Developing Risk Acceptance Criteria. 
Risk acceptance is determined by comparison of final assessed ground safety risk against 
established acceptance criteria. Suitable risk acceptance criteria must be determined for 
each specific program and documented in the SSP utilizing the guidance of 
AC 450.103-1, System Safety Program. To ensure proper acceptance of risks associated 
with ground safety hazards to the public for § 450.185(c), the associated residual risk 
should meet the established acceptance criteria and the rationale for acceptance should be 
documented. 


10.3.2 Baseline of Risk Acceptability. 
In accordance with § 450.185(c), the FAA considers the baseline standard for risk 
acceptability or ground safety hazards to the public and property to be the following: 


• The likelihood of any hazardous condition that may cause death or serious injury to 
the public must be extremely remote. 


Note: As documented in AC 450.103-1, System Safety Program, extremely remote 
should be considered “so unlikely, it can be assumed occurrence may not be 
experienced, with a likelihood of occurrence less than 10-6 in any one mission.” 


• The likelihood of any hazardous condition that may cause major property damage to 
the public not associated with the launch or reentry, must be remote. 


Note: As documented in AC 450.103-1, System Safety Program, remote is 
considered “unlikely but possible to occur in the life of an item, with a likelihood of 
occurrence less than 10-5 but greater than 10-6 in any one mission.” 


Note: The standards for risk acceptability are intentionally strict to ensure protection of 
the public. Sufficient mitigation to control the hazard should be demonstrated. 


10.4 Risk Mitigation. 
Risk elimination or mitigation measures must be identified and fully described to reduce 
the risk to an acceptable level as required by § 450.185(d). 


10.4.1 Proper Risk Mitigation Process. 
Mitigating risk does not change severity of the hazard, only the likelihood. If there is a 
change in severity, it should be documented as a new risk. For example, a fill/drain valve 
mechanical failure may have a high probability of significant leakage resulting in a toxic 
release. The hazard risk was determined to have a consequence of “Catastrophic” and a 
likelihood of “Occasional.” That valve was replaced with a more reliable valve as a 
mitigation. The mitigation is determined to change the likelihood to “Extremely 
Remote,” but the new valve cannot impact the consequence of the failure, which remains 
“Catastrophic.” 
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10.5 Considerations for Risk Mitigation Measures. 
Consideration should be given as to whether proposed risk mitigation measures introduce 
new hazards. To allow flexibility, the FAA has not mandated any particular mitigation 
approach. Selection of a risk elimination or mitigation measure is usually based on a 
number of factors, such as the type of operation, feasibility of implementation, 
effectiveness, and impact on system performance. Where possible, the FAA expects the 
utilization of existing industry standards for mitigations. 


10.5.1 Risk Mitigation Traceability. 
Traceability ensures proper application of mitigations for § 450.185(d) and should be 
demonstrated from: 


1. Subsystem and operator failures to their causes to respective mitigations; 


2. Subsystem and operator failures to respective ground safety hazards to the public 
and property at the integrated system and operation level; 


3. Subsystem and operator level risk assessment to integrated system and operation 
level risk assessment; and 


4. Ground safety hazards to the public and property at the integrated system and 
operation level to their respective mitigations. 


10.5.2 System Safety Design Order of Precedence. 
In order to mitigate risk from system safety hazards to the public, an operator should 
follow a process using a systematic order of precedence. An applicant may follow the 
“System Safety Design Order of Precedence” documented in MIL-STD-882. 


10.6 Validation and Verification. 
Risk mitigations of ground safety hazards to the public and property applied at various 
levels (subsystem, operator, integrated system, or operation) must be validated and 
verified as required by § 450.185(e). 


10.6.1 Validating Risk Mitigations. 
The validation process evaluates that each mitigation measure and respective verification 
is well understood and operationally and technically feasible. In accordance with 
§ 450.185(e), validation evidence must be documented and it must demonstrate that the 
risk elimination and mitigation measures achieve the risk acceptability criteria defined in 
paragraph § 450.185(c). This documented evidence [e.g., Validation and Verification 
(V&V) Tracking Log] must be provided to the FAA in accordance with § 450.185(f)(3). 
Validation determines whether the implemented mitigation measures and respective 
verifications are sound. To do this, the validation effort ensures that each mitigation and 
verification is unambiguous, correct, complete, and consistent. 


10.6.2 Verifying Risk Mitigations. 
Verification is the process of identifying and producing verifiable and measurable 
evidence for ensuring that the respective mitigation measures adequately support the 
documented reduction of ground safety risk to the public and property. Where possible, 
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the FAA expects verification of mitigation measures utilizing existing industry standards. 
Essential information for verification includes: 


• Identification of specific method(s) used to verify the mitigation measure,


• Identification of specific evidence to be produced, and


• Indication of closure based on successful completion of specified method with
production of adequate, verifiable, and measurable evidence.


10.6.2.1 Verification Artifacts. 
Per § 450.185(e), verification evidence must be documented and 
demonstrate that the risk elimination and mitigation measures achieve the 
risk level of paragraph § 450.185(c). This documented evidence (e.g., 
design analyses, test data, inspection reports) must be provided to the FAA 
in accordance with § 450.185(f)(3). Ideally, all mitigation measures should 
be validated and verified by the time of application submittal. The FAA 
recognizes that applicants may not have the ability to verify all mitigations 
prior to submission of an application. In those instances, an acceptable 
verification closure strategy should be documented with expected 
completion dates (which must be closed prior to licensed operation 
pursuant to any relevant terms and conditions of the license). This strategy 
should be provided to the FAA with adequate time to review the closure 
status of verification evidence prior to the initiation of the applicable 
licensed activity. 


10.6.2.2 Verification Traceability. 
Traceability ensures proper application of verifications for § 450.185(e) 
and should be demonstrated from: 


1. Subsystem and operator failures to their causes to respective
mitigations to adequate verifications;


2. Subsystem and operator failures to respective ground safety hazards to
the public and property at the integrated system and operation level;


3. Subsystem and operator level risk assessment to integrated system and
operation level risk assessment; and


4. Ground safety hazards to the public and property at the integrated
system and operation level to their respective mitigations to adequate
verifications.


10.6.2.3 Verification Methods. 
The FAA encourages discussion on proposed verification methods early in 
the licensing process. Four acceptable methods of verifying safety 
measures include: 


• Analysis – Technical or mathematical evaluation, mathematical 
models, simulations, algorithms, and circuit diagrams. 
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• Component, subsystem, or system test – Actual operation to evaluate 
performance of system elements during ambient conditions or in 
operational environments at or above expected levels to measure 
safety margins. These tests include functional tests and environmental 
tests. 


• Demonstration – Actual operation of the system or subsystem under 
specified scenarios, often used to verify reliability, transportability, 
maintainability, serviceability, and human engineering factors. 


• Inspection – Physical examination of hardware, software, or 
documentation to verify compliance of the feature with predetermined 
criteria. 


10.6.3 Iterative Approach of Validation and Verification. 
The V&V process is a comprehensive, closed-looped, iterative process to be used in all 
phases of the lifecycle of a launch or reentry system. Any mitigation that fails V&V 
cannot be relied on for elimination or reduction of ground safety risks to the public and 
property. 


10.7 Identifying New Hazards and Updating the Ground Hazard Analysis. 
Data gained during design, manufacture, test, and operation, including the discovery of 
anomalies and faults, usually impacts a GHA. Necessary data should be identified, and 
approaches should be implemented, to detect anomalies and failures in order to improve 
the GHA. Additionally, information gained during assembly and operation of 
components, subsystems, and next-level systems contributes to the further understanding 
of the overall integrated system and operation and may lead to additional updates to the 
GHA. A process should be implemented to update the GHA and final ground safety risk 
assessment to reflect knowledge gained during the life of the integrated system and 
operation. 


11 TOXIC HAZARDS MITIGATION FOR GROUND OPERATIONS. 
In accordance with § 450.187(a)(1), ground safety hazards to the public associated with 
the use of toxic propellants or other toxic chemical must be mitigated. In accordance with 
§ 450.187, an operator must: conduct a TRHA per § 450.187(c); manage the risk of
casualties that could arise from the exposure to a toxic release, either per toxic
containment of § 450.187(d) or per toxic risk assessment of § 450.187(e); and establish
ground hazard controls based on the results of its TRHA and toxic containment or toxic
risk assessment, per § 450.187(b)(3). Section 11 of AC 450.139-1, Toxic Release Hazard
Analysis, provides additional guidance specific to mitigating toxic hazards during
licensed ground operations.
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12 GROUND SAFETY PRESCRIBED HAZARD CONTROLS. 


12.1 General. 
In addition to an operator’s specific hazard controls derived by an operator’s GHA and 
TRHA, an operator must comply with § 450.189(b) through (e). Implementation of the 
following prescribed hazard controls should be verified and validated to demonstrate 
compliance with § 450.189(b) through (e). 


12.2 Protection of Public on the Site. 
An operator is required to document how it protects members of the public who enter 
areas that are under their control, in accordance with § 450.189(b). 


12.2.1 Limiting Access. 
In order to protect the public, the operator should be cognizant of all members of the 
public who enter an area under the operator’s control. In accordance with § 450.189(b), 
the operator must document, distribute, and adhere to an acceptable process to protect 
members of the public from ground safety hazards. The public access control (no entry, 
limited entry, etc.) should be coordinated with security, other site coordinators, 
management, and any other potential areas of concern. An applicant must submit the 
process for protecting members of the public who enter any area under the control of a 
launch or reentry operator in accordance with § 450.189(f). The process to protect the 
public should include at a minimum: 


1. Access requirements (including approvals required), 


2. Sign In/Sign Out documentation (POC, location, duration, etc.), 


3. Required escorting, 


4. Definition of applicable clear zones, 


5. Required personnel protection equipment (PPE) (ear plugs, mask, hard hat, steel 
toed shoes, etc.), and 


6. Advise the public on site of the potential hazards. 


12.2.2 Notification. 
The process should also document the public’s notification of the applicable policies, 
procedures, and hazard controls required for entry into the operator’s area. This includes 
the following: 


1. Safety Briefing (including hazard areas/clear zones), 


2. Emergency phone numbers and procedures, 


3. Departing or evacuating (e.g., during emergencies, launch aborts, mishaps, etc.), and 


4. Violation policy/reprimands. 
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12.3 Countdown Abort. 
The GHA should consider and assess a launch countdown abort or recycle operation. In 
accordance with § 450.189(c), procedures to be performed must be established, 
maintained throughout the life cycle, and validated to ensure the control of ground safety 
hazards to the public and property and to return the integrated system and site facilities to 
a safe condition after a countdown abort or delay in launch. Thus, the known safe state 
for the integrated system and the launch site must be defined in the event of a countdown 
abort or recycle operation. There may be several procedures required depending on the 
phase of the integrated system operation at the time the event occurs. Specifically, in 
accordance with § 450.189(a) through (c), the procedures must: 


1. Ensure the vehicle and payload are in a safe configuration; 


2. Prohibit entry of the public into any identified hazard areas until the site is returned 
to a safe condition; and 


3. Maintain and verify that any flight safety system remains operational until 
verification that the launch vehicle does not represent a risk of inadvertent flight. 
The timing of safing the flight safety system should be fed directly into the timeline 
for return to safe condition state and determining an “all clear.” 


12.4 Fire Suppression. 
In accordance with § 450.189(d), the operator must have in place reasonable precautions 
for reporting and controlling any fires. Reporting procedures for a fire should be defined, 
and documented, as well as coordinated with the site operator. Reasonable precautions 
include: documentation of emergency fire phone number, fire suppression devices, 
evacuation procedures, notification to nearby facilities, and isolation measures if 
available. Meeting industry standards and fire codes are expected. 


Note: Fire suppression chemicals should be assessed in the TRHA. 


12.5 Emergency Procedures. 
In accordance with § 450.189(e), applicant must have general emergency procedures to 
protect the public and property that are not covered by a § 450.173 mishap plan. 
Emergency procedures should exist for a fire event, a toxic release event, and any other 
event that may create a hazard to the public, including weather conditions and any unique 
emergency procedures identified by the GHA and TRHA. 


12.5.1 Mishap reporting, response, and investigation requirements are documented in § 450.173. 
Additional information for mishap reporting can be found in AC 450.173-1, Mishap 
Reporting, Response, and Investigation. 


13 APPLICATION REQUIREMENTS. 
If required by § 450.179, an applicant must provide documentation and data, as outlined 
in §§ 450.181(c), 450.183(b), 450.185(f), 450.187(f), and 450.189(f). 
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		1 PURPOSE. 

		1 PURPOSE. 

		This Advisory Circular (AC) provides guidance and a comprehensive method for 

		performing a ground safety analysis in accordance with title 14, Code of Federal 

		Regulations (14 CFR) §§ 450.179, 450.181, 450.183, 450.185, and 450.189. This AC 

		does not constitute a regulation and does not contain requirements but is intended to 

		assist prospective applicants in obtaining commercial space licenses and ensure they are 

		operating in compliance with commercial space regulations. 

		1.1 Level of Imperatives. This AC presents one, but not the only, acceptable means of compliance with the associated regulatory requirements. The Federal Aviation Administration (FAA) will consider other means of compliance that an applicant may elect to present. Throughout this document, the word “must” characterizes statements that directly flow from regulatory text and therefore reflect regulatory mandates. The word “should” describes a requirement if electing to use this means of compliance; variation f

		accepted means of compliance set forth in this AC. In general, these alternative approaches can be used only under certain situations that do not compromise safety. 



		2 APPLICABILITY. 

		2 APPLICABILITY. 

		2.1 The guidance in this AC is for launch and reentry vehicle applicants and operators required to comply with 14 CFR part 450, Launch and Reentry License Requirements. The guidance in this AC is for those seeking a launch or reentry vehicle operator license and a licensed operator seeking to renew or modify an existing vehicle operator license. 

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right and will not be relied upon by the FAA as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations. This AC describes acceptable means

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements. 



		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 

		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 

		3.1 Related Statute. 

		3.1 Related Statute. 

		• 51 United States Code (U.S.C.) Subtitle V, Chapter 509. 

		3.2 Related Regulations. The following regulations from titles 14 of the CFR must be accounted for when showing compliance with 14 CFR § 450.179. The full text of these regulations can be downloaded from the . A paper copy can be ordered from the 

		U.S. Government Printing Office e-CFR



		Government Printing Office, Superintendent of Documents, Attn: New Orders, PO Box 371954, Pittsburgh, PA, 15250-7954. 

		• 

		• 

		• 

		Section 401.7, Definitions. 



		• 

		• 

		Section 420.63, Explosive siting. 



		• 

		• 

		Section 420.65, Separation distance requirements for handling division 1.1 and 1.3 explosives. 



		• 

		• 

		Section 420.66, Separation distance requirements for storage of hydrogen peroxide, hydrazine, and liquid hydrogen and any incompatible energetic liquids stored within an intraline distance. 



		• 

		• 

		Section 420.67, Separation distance requirements for handling incompatible energetic liquids that are co-located. 



		• 

		• 

		• 

		Section 420.69, Separation distance requirements for co-location of division 1.1 and 



		1.3 explosives with liquid propellants. 



		• 

		• 

		Section 420.70, Separation distance measurement requirements. 



		• 

		• 

		Section 450.35, Means of compliance. 



		• 

		• 

		Section 450.103, System safety program. 



		• 

		• 

		Section 450.107, Hazard control strategies. 



		• 

		• 

		Section 450.139, Toxic hazards for flight. 



		• 

		• 

		Section 450.141, Computing systems. 



		• 

		• 

		Section 450.147, Agreements. 



		• 

		• 

		Section 450.173, Mishap plan–reporting, response, and investigation requirements. 



		• 

		• 

		Section 450.179, Ground safety – general. 



		• 

		• 

		Section 450.181, Coordination with a site operator. 



		• 

		• 

		Section 450.183, Explosive site plan. 



		• 

		• 

		Section 450.185, Ground hazard analysis. 



		• 

		• 

		Section 450.187, Toxic hazards mitigation for ground operations. 



		• 

		• 

		Section 450.189, Ground safety prescribed hazard controls. 





		3.3 Related FAA Advisory Circulars. FAA Advisory Circulars (are available through the FAA website, .) 

		http://www.faa.gov

		http://www.faa.gov





		• 

		• 

		• 

		AC 413.5-1, Pre-Application Consultation, when published. 



		• 

		• 

		AC 450.103-1, System Safety Program, dated September 2021. 



		• 

		• 

		AC 450.107-1, Hazard Control Strategies, dated July 20, 2021. 



		• 

		• 

		AC 450.109-1, Flight Hazard Analysis, dated August 5, 2021. 



		• 

		• 

		AC 450.139-1, Toxic Hazards for Flight, when published. 



		• 

		• 

		AC 450.141-1A, Computing Systems Safety, dated August 16, 2021. 



		• 

		• 

		AC 450.173-1, Mishap Reporting, Response, and Investigation, dated August 12, 2021. 





		Note: The industry documents referenced in this section refer to the current revisions or regulatory authorities’ accepted revisions. 



		3.4 Government Guidance Documents. 

		3.4 Government Guidance Documents. 

		• 

		• 

		• 

		MIL-STD-882E, Department of Defense Standard Practice, System Safety, dated 

		May 11, 2012, https://quicksearch.dla.mil/qsDocDetails.aspx?ident_number=36027. 





		• 

		• 

		Memorandum of Agreement between the Department of the Air Force and the Federal Aviation Administration for Launch and Reentry Activity on Department of the Air Force Ranges and Installations Agreement Number FAA-DAF-SLR-2021, dated June 15, 2021, 





		. 

		_Launch_and_Reentry_Activity_FINAL_SIGNED_6_15_2021.pdf

		https://www.faa.gov/space/legislation_regulation_guidance/media/MOA_DAF_FAA 





		Note: The documents referenced in this section refer to the current regulatory authorities’ accepted revisions. 

		4 DEFINITION OF TERMS. For this AC, the following terms and definitions apply: 

		4 DEFINITION OF TERMS. For this AC, the following terms and definitions apply: 

		4.1 Countdown Abort. A method to abort a launch, including launch scrubs, recycle operations, hang-fires, or an 

		instance in which the launch vehicle does not lift-off after a command to initiate flight has been sent. After a countdown abort, an operator must comply with § 450.189(c). 

		4.2 Explosives Site Plan (ESP). A document that lists the attributes of each potential explosion site and the exposed sites it can potentially affect (workers, unrelated buildings, power lines, etc.) that demonstrates 

		safe separation quantity-distances (QDs) are met or provides justification for violating QD distances. 

		4.3 Ground System. 

		The integrated set of subsystems, personnel, and processes utilized for performing pre-flight and post-flight operations at a launch or reentry site. 

		5 ACRONYMS. AC – Advisory Circular ESP – Explosives Site Plan FAA – Federal Aviation Administration FMEA – Failure Modes and Effects Analysis FTA – Fault Tree Analysis GHA – Ground Hazard Analysis HEA – Human Error Analysis MOA – Memorandum of Agreement O&SHA – Operating and Support Hazard Analysis QD – Quantity-distance SSP – System Safety Program TBD – To be Determined TRHA – Toxic Release Hazard Analysis 

		U.S.C. – United States Code V&V – Validation and Verification 

		6 OVERVIEW. 

		6.1 Objective of Ground Safety. In accordance with § 450.179(a), an operator must ensure ground safety at a U.S. launch or reentry site by protecting the public and property from adverse effects of hazardous operations and systems associated with: preparing a launch or reentry vehicle for flight; returning a launch or reentry vehicle to a safe configuration after landing or countdown abort attempt; and performing launch or reentry site operations required to return the site to a safe, known, expected config

		neighboring operations personnel) and property from hazards associated with licensed ground operations and activities involving ground systems and flight systems. 

		6.2 Ground Safety Methodology. Ground Safety regulations, as outlined in §§ 450.179 through 450.189, cover many aspects, including: launch and reentry site coordination, explosive site planning, documenting a ground hazard analysis (GHA), conducting a toxic release hazard analysis (TRHA), and implementing prescribed hazard controls. The documented system 

		safety program (SSP) should define the ground safety methodology to show compliance with these regulations, per guidance of AC 450.103-1, System Safety Program. 

		6.3 Aspects of Ground Hazard Analysis. A GHA is required by § 450.185 and should provide an integrated assessment of the ground system, flight system, and operational hazards to the public and property associated with licensed pre-flight and post-flight ground operations. The GHA is utilized to derive ground hazard controls for implementation in addition to prescribed hazard controls defined in § 450.189. A GHA is a qualitative system safety analysis and should be performed similarly to a flight hazard anal

		maintained throughout the lifecycle of the launch or reentry system, in accordance with § 450.185. A ground hazard analysis should: 

		1. 

		1. 

		1. 

		Identify system and operation hazards to the public and property associated with licensed pre-flight and post-flight ground operations involving the launch or reentry vehicle, ground hardware used by the launch site, and ground support equipment provided by the launch site or unique support equipment required by the system, along with associated software and firmware [§ 450.185(a)]; 



		2. 

		2. 

		Assess the likelihood and severity of each hazard to the public [§ 450.185(b)]; 



		3. 

		3. 

		Ensure that the ground safety risk associated with each hazard to the public and property meets defined acceptance criteria [§ 450.185(c)]; 



		4. 

		4. 

		Identify and describe the risk elimination and mitigation measures required to satisfy the acceptance criteria [§ 450.185(d)]; and 



		5. 

		5. 

		Demonstrate that the risk elimination and mitigation measures achieve the acceptable levels through validation and verification [§ 450.185(e)]. 





		Chapter 10 of this AC further details aspects of a GHA. 

		6.4 Formal Traceability of Ground Safety Hazards. Formal tracking methods should be established to show direct connections between all aspects of ground safety hazards to the public and property, source, causes, mitigations, and verification evidence. Hazard tracking systems may contain all the necessary data but do not typically show these direct connections. Table A-1 of Appendix A of this AC 

		conveys the types of information that an applicant should provide to demonstrate traceability. 

		6.5 Ground Safety Hazards and Software Safety. In accordance with § 450.141(a), if the GHA identifies software or data utilized in a subsystem or the integrated system as potential hazard sources or hazard controls, then the applicant should perform a software hazard analysis to identify computing system safety items and assess their level(s) of criticality. Per the guidance of AC 450.141-1, software hazard analyses identify potential software faults and their effects on the computing system and the system 

		operations, and scope of the program. Also, software hazard analyses should consider a range of potential error conditions. 

		7 GENERAL GROUND SAFETY. 

		7.1 General Guidance. As part of the license application process, a licensed operator, hereafter referred to as “operator,” must document and ensure compliance to ground safety regulations in accordance with §§ 450.179, 450.181, 450.183, 450.185, 450.187, 450.189. To protect public and property at a U.S. launch or reentry site, the identification of hazardous ground operations and the risks associated with them must be documented in accordance 

		with § 450.185. In accordance with § 450.179(a), the following operations, at a minimum, must be assessed for hazards affecting the public: 

		 Preparing launch vehicle for flight, 

		 Returning launch or reentry vehicle to safe condition after landing, 

		 Returning launch or reentry vehicle to safe condition after aborted launch attempt, and 

		 Returning launch or reentry site to safe condition. 

		7.2 Exemption Potential. In accordance with § 450.179(b) and (c), operations from a federal launch range may be 

		exempt from §§ 450.181, 450.183, 450.185, 450.187, and 450.189, if they meet the following: 

		1.

		1.

		1.

		 The launch or reentry is being conducted from a Federal launch or reentry site; 



		2.

		2.

		 The operator has a written agreement with the Federal launch or reentry site for the provision of ground safety services and oversight; and 



		3.

		3.

		 The Administrator has determined that the Federal launch or reentry site’s ground safety processes, requirements, and oversight are not inconsistent with the Secretary’s statutory authority over commercial space activities. 





		Note: If the site meets the conditions in § 450.179(b) and (c), the FAA will develop a Memorandum of Agreement (MOA) with the approved site and publish the MOA on FAA's website. 

		7.2.1 . When the FAA finds that a site meets the conditions in § 450.179(b), the FAA develops an MOA with the approved site and publishes the MOA on the FAA’s website at /. If these conditions are met, then the operator can seek FAA permission during pre-application consultation to comply only with the ground safety regulations imposed by the Federal site. The FAA will 

		Memorandums of Agreement with Approved Launch and Reentry Sites

		https://www.faa.gov/space/legislation_regulation_guidance

		https://www.faa.gov/space/legislation_regulation_guidance





		publish, maintain, and update the Federal launch and reentry site ground safety MOAs on its website. 

		7.3 Defining Ground Operations. To properly conduct ground safety, the pre-flight and post-flight operations should be defined and documented. This list of defined pre-flight and post-flight operations should include all systems and operations involving the vehicle or any payload. Doing so facilitates a thorough identification and assessment of system and operational hazards to the public and property associated with licensed ground operations at the launch or reentry site. At minimum, the operations within

		Determining scope of license is discussed further in AC 413.5 Pre-Application Consultation. 

		8 SITE OPERATOR COORDINATION. It is important that the launch or reentry operator define roles, responsibilities, and timelines with the site operator to ensure that timely responses to mishaps are established prior to licensed hazardous operations at the launch or reentry site. When conducting a launch or reentry from a Federal site or site licensed under Part 420, License to operate a launch site or Part 433, License to operate a reentry site, the launch or reentry operator must coordinate with the site o

		8.1 Control of Public Access. For public access control, the operator should identify the day, time, and length of controlled access required for each applicable location. Ground operations requiring fire 

		department, medical, and other emergency or facility services should be made aware of the operations and their potential hazards and expected mitigations. 

		8.2 Site Operator Agreements. In accordance with § 450.181(b), the operator must demonstrate they have coordinated with the site operator, and should demonstrate they have coordinated with other operators if applicable on their hazardous operations to establish roles and responsibilities for reporting, responding to, and investigating any mishap during ground activities at the site. In accordance with § 450.147, vehicle operators are required to have agreements with any sites or services that are necessary 

		acquire the necessary modified or additional agreements. These agreements should be made available to the FAA and site operator for their awareness. 

		8.3 Ground Hazard Area Designation and Coordination. The site coordination activity should include the identification of the ground operation hazardous processes, their potential exposure interval, and their mitigations. The impacts to other sites should be documented and evaluated as changes are made. The ESP, as discussed in greater detail in Chapter 9 of this AC, provides clear zones necessary to provide public protection from potential hazards. If the zones extend into other sites, the operator should a

		will communicate and acknowledge requests prior to and during the hazardous operations. 

		8.3.1 In addition, coordination with other adjacent sites should include the examination of concurrent hazardous operations such that all mitigation procedures (from GHA, TRHA, and prescribed hazard mitigations) are evaluated for effectiveness. If the coordination efforts indicate a hazardous condition is not mitigated by the current controls, adequate mitigation(s) should be provided, or the launch or reentry event will be rescheduled. 

		8.3.2 Operators and site operators should ensure ground hazard areas remain controlled during a mishap according to documented emergency procedures defined in § 450.189(e). 

		8.4 Mishap Reporting, Response, Investigation. The operator must assess and adhere to the site mishap reporting, response, and 

		investigation requirements defined by § 450.173. This will ensure that prompt and effective responses to any mishaps provide adequate protection to the general public. 

		8.4.1 In addition to developing an adequate mishap response plan, the operator must, in accordance with § 450.181(b) coordinate with the site operator to establish roles, responsibilities, and timelines associated with: 

		• 

		• 

		• 

		Reporting mishaps during ground activities at the launch or reentry site; 



		• 

		• 

		Investigations of mishaps during ground activities at the launch or reentry site; and 



		• 

		• 

		Responding to mishap reports for ground activities at the launch or reentry site. 





		8.4.2 For additional information see AC 450.173-1, Mishap Reporting, Response, and Investigation. 

		9 EXPLOSIVES SITE PLAN (ESP). Per § 450.183, an ESP for exclusive use sites must be documented and followed throughout the lifecycle of a licensed operation employing explosives and energetic liquids in accordance with §§ 420.63, 420.65, 420.66, 420.67, 420.69, and 420.70. Part 420 Appendix E contains tables that can be utilized to document the ESP. 

		Note: In accordance with § 420.63(b), an applicant operating at a launch site located on a federal launch range does not have to comply with these requirements if the applicant is in compliance with the federal launch range's explosive safety requirements. 

		Note: Licensed site operators, rather than licensed launch or reentry operators operating at an FAA-licensed site, are required to comply with the explosive siting requirements in Part 420. 

		10 GROUND HAZARD ANALYSIS. In accordance with § 450.185, the documented SSP must specify that, a GHA be performed, documented, and continually maintained throughout the life cycle of the launch or reentry system. A GHA should include an assessment of the launch or reentry vehicle, the launch or reentry integrated systems, ground support equipment, and other relevant site hardware and software. In its analysis, an applicant must identify hazards; assess the associated risk; and document mitigations, controls

		Note: All regulated operators, including hybrid launch or reentry systems operators, need to prepare a ground hazard analysis to ensure public safety is protected. Hybrid launch or reentry vehicles may pose a risk to the public; therefore, the FAA also imposes these ground hazard analysis requirements on hybrid launch vehicles in order to identify and mitigate those risks. 

		10.1 Identifying Hazards. The ground safety hazards referred to in a GHA generally result from: 

		 Ground and flight system hazards existing due to the current configuration or operationally induced [ref § 450.185(a)(1)]; and 

		 Operation hazards unique to ground processing at a launch and reentry site [ref § 450.185(a)(2)]. 

		10.1.1 

		Identification and Decomposition of All System and Operation Failures. 



		Analysis and supplemental data routinely utilized to identify system failures and their causes include: 

		10.1.1.1 Functional Hazard Analysis for Flight System – A starting point for identifying flight system hazards is a functional hazard analysis. A functional hazard analysis is required for a flight system per § 450.107(b) and AC 450.107-1, Hazard Control Strategies Determination, provides guidance on conducting the analysis for phases of flight, which can be modified to account for ground phases. A functional hazard analysis is used to analyze system functions associated with the proposed operation. The fun

		10.1.1.2 Functional Hazard Analysis for Ground System – Similarly to a flight system, a starting point for identifying ground system hazards may utilize a functional hazard analysis. The guidance of AC 450.107-1, Hazard Control Strategies Determination, on conducting a functional hazard analysis for a flight system during phases of flight, can be modified to 

		10.1.1.2 Functional Hazard Analysis for Ground System – Similarly to a flight system, a starting point for identifying ground system hazards may utilize a functional hazard analysis. The guidance of AC 450.107-1, Hazard Control Strategies Determination, on conducting a functional hazard analysis for a flight system during phases of flight, can be modified to 

		account for identifying functional failures of a ground system during phases of ground operations. 



		10.1.1.3 Fault Tree Analysis (FTA) – A reliability engineering analysis that uses a logic diagram to identify and map causes of top-level events. Additionally, an FTA allows for: quantification of system failure probability, determination of fault tolerance, identification of common causes and single point failures, etc. 

		10.1.1.4 Failure Modes and Effects Analysis (FMEA) – A reliability engineering analysis used to identify low-level component failures and their causes and assess their effects on higher-level systems. 

		10.1.1.5 Human Error Analysis (HEA) – A systematic method of considering the possible errors and other human failures that may occur when performing a task. 

		10.1.2 GHAs are typically documented by identifying an assessing the hazards introduced by ground safety operational and support activities, systems, processes, and equipment similar to those outlined in Task 206, Operating and Support Hazard Analysis of MIL-STD 882. An example of how system requirement risks are mitigated and documented is found in Table A–1 System Safety Template of Appendix A. An O&SHA 

		Documenting a Ground Hazard Analysis. 



		analyzes the processes and procedures of the entire operation while considering the source data discussed in the section above. 

		10.1.2.1 Thus, the O&SHA allows for detailing all ground safety hazards due to potential system functional failures and operation failures associated with ground operations involving ground and flight systems. 

		10.1.2.2 In accordance with § 450.185(a), the potential causes of all system and operation hazards should be identified as a precursor to apply mitigations to reduce or eliminate the ground safety hazards to the public and property. There will likely be multiple potential causes for each hazard. Each potential cause of a hazard should be specified to a level of detail where it is possible to apply a mitigation and the required level of verification. 

		10.1.3 . 

		Hazard Traceability



		Traceability ensures proper identification of ground safety hazards to the public for § 450.185(a) and should be demonstrated from: 

		1. 

		1. 

		1. 

		Subsystem functional failures and operator failures to their causes; and 



		2. 

		2. 

		Subsystem functional failures and operator failures to respective ground safety hazards to the public and property at the integrated system and operation level. 





		10.2 Hazard Assessment. The severity and likelihood of each ground safety hazard to the public and property must be assessed, in accordance with § 450.185(b), in order to determine the associated ground 

		safety risk. The characterization of each ground safety risk allows for determining the necessity, and proper application, of any additional mitigation actions. 

		10.2.1 . Suitable assessment severity categories and likelihood level criteria should be determined for each specific program to demonstrate compliance with § 450.185(b) and (c). The risk assessment with respect to ground safety hazards to the public and property will utilize 

		Resources for Qualitative Assessment



		qualitative statements. AC 450.103-1, System Safety Program, provides guidance on severity categories and likelihood levels in Table A-1 of Appendix A. 

		10.2.2 . 

		Utilizing a Systematic Assessment Process



		10.2.2.1 The FAA encourages, but does not require, an operator to utilize a systematic development process that allows for a baseline assessment of pre-mitigation risk for each hazard. It is common system safety practice to assess risk prior to the implementation of a mitigation in order to deliberately design a mitigation strategy for each hazard. Pre-mitigation risk assessment also facilitates greater traceability from hazard cause through mitigation and verification. The FAA recognizes that some operator

		10.2.2.2 Additionally to ensure proper mitigation of system safety hazards to the public for § 450.185(d), risk assessment should be performed at the appropriate levels, primarily the: (1) subsystem and operator level; and (2) integrated system and operation level. Risk assessment at these levels allows for greater insight into the effectiveness of mitigations and verifications specific to each cause of each failure resulting in a ground safety hazard to the public and property and appropriate application o

		10.2.3 . Traceability ensures proper assessment for § 450.185(b) and should be demonstrated 

		Risk Assessment Traceability



		from the subsystem and operator level risk assessment to the integrated system and operation level risk assessment. 





		10.3 Risk Acceptability Criteria. 

		10.3 Risk Acceptability Criteria. 

		10.3.1 . Risk acceptance is determined by comparison of final assessed ground safety risk against established acceptance criteria. Suitable risk acceptance criteria must be determined for each specific program and documented in the SSP utilizing the guidance of AC 450.103-1, System Safety Program. To ensure proper acceptance of risks associated with ground safety hazards to the public for § 450.185(c), the associated residual risk 

		Developing Risk Acceptance Criteria



		should meet the established acceptance criteria and the rationale for acceptance should be documented. 

		10.3.2 . 

		10.3.2 . 

		Baseline of Risk Acceptability



		In accordance with § 450.185(c), the FAA considers the baseline standard for risk acceptability or ground safety hazards to the public and property to be the following: 

		• 

		• 

		• 

		• 

		The likelihood of any hazardous condition that may cause death or serious injury to the public must be extremely remote. 



		Note: As documented in AC 450.103-1, System Safety Program, extremely remote should be considered “so unlikely, it can be assumed occurrence may not be experienced, with a likelihood of occurrence less than 10in any one mission.” 

		-6 





		• 

		• 

		The likelihood of any hazardous condition that may cause major property damage to the public not associated with the launch or reentry, must be remote. 





		Note: As documented in AC 450.103-1, System Safety Program, remote is considered “unlikely but possible to occur in the life of an item, with a likelihood of occurrence less than 10but greater than 10in any one mission.” 

		-5 

		-6 



		Note: The standards for risk acceptability are intentionally strict to ensure protection of the public. Sufficient mitigation to control the hazard should be demonstrated. 





		10.4 Risk Mitigation. 

		10.4 Risk Mitigation. 

		Risk elimination or mitigation measures must be identified and fully described to reduce the risk to an acceptable level as required by § 450.185(d). 

		10.4.1 . Mitigating risk does not change severity of the hazard, only the likelihood. If there is a change in severity, it should be documented as a new risk. For example, a fill/drain valve mechanical failure may have a high probability of significant leakage resulting in a toxic release. The hazard risk was determined to have a consequence of “Catastrophic” and a likelihood of “Occasional.” That valve was replaced with a more reliable valve as a mitigation. The mitigation is determined to change the likel

		Proper Risk Mitigation Process



		Remote,” but the new valve cannot impact the consequence of the failure, which remains “Catastrophic.” 

		10.5 Considerations for Risk Mitigation Measures. Consideration should be given as to whether proposed risk mitigation measures introduce new hazards. To allow flexibility, the FAA has not mandated any particular mitigation approach. Selection of a risk elimination or mitigation measure is usually based on a number of factors, such as the type of operation, feasibility of implementation, 

		effectiveness, and impact on system performance. Where possible, the FAA expects the utilization of existing industry standards for mitigations. 

		10.5.1 . 

		10.5.1 . 

		Risk Mitigation Traceability



		Traceability ensures proper application of mitigations for § 450.185(d) and should be demonstrated from: 

		1. 

		1. 

		1. 

		Subsystem and operator failures to their causes to respective mitigations; 



		2. 

		2. 

		Subsystem and operator failures to respective ground safety hazards to the public and property at the integrated system and operation level; 



		3. 

		3. 

		Subsystem and operator level risk assessment to integrated system and operation level risk assessment; and 



		4. 

		4. 

		Ground safety hazards to the public and property at the integrated system and operation level to their respective mitigations. 





		10.5.2 . In order to mitigate risk from system safety hazards to the public, an operator should 

		System Safety Design Order of Precedence



		follow a process using a systematic order of precedence. An applicant may follow the “System Safety Design Order of Precedence” documented in MIL-STD-882. 

		10.6 Validation and Verification. Risk mitigations of ground safety hazards to the public and property applied at various 

		levels (subsystem, operator, integrated system, or operation) must be validated and verified as required by § 450.185(e). 

		10.6.1 . The validation process evaluates that each mitigation measure and respective verification is well understood and operationally and technically feasible. In accordance with § 450.185(e), validation evidence must be documented and it must demonstrate that the risk elimination and mitigation measures achieve the risk acceptability criteria defined in paragraph § 450.185(c). This documented evidence [e.g., Validation and Verification (V&V) Tracking Log] must be provided to the FAA in accordance with § 

		Validating Risk Mitigations



		verifications are sound. To do this, the validation effort ensures that each mitigation and verification is unambiguous, correct, complete, and consistent. 

		10.6.2 . Verification is the process of identifying and producing verifiable and measurable 

		Verifying Risk Mitigations



		evidence for ensuring that the respective mitigation measures adequately support the documented reduction of ground safety risk to the public and property. Where possible, 

		evidence for ensuring that the respective mitigation measures adequately support the documented reduction of ground safety risk to the public and property. Where possible, 

		the FAA expects verification of mitigation measures utilizing existing industry standards. Essential information for verification includes: 



		• 

		• 

		• 

		Identification of specific method(s) used to verify the mitigation measure, 



		• 

		• 

		Identification of specific evidence to be produced, and 



		• 

		• 

		Indication of closure based on successful completion of specified method with production of adequate, verifiable, and measurable evidence. 





		10.6.2.1 Verification Artifacts. Per § 450.185(e), verification evidence must be documented and demonstrate that the risk elimination and mitigation measures achieve the risk level of paragraph § 450.185(c). This documented evidence (e.g., design analyses, test data, inspection reports) must be provided to the FAA in accordance with § 450.185(f)(3). Ideally, all mitigation measures should be validated and verified by the time of application submittal. The FAA recognizes that applicants may not have the abil

		status of verification evidence prior to the initiation of the applicable licensed activity. 

		10.6.2.2 Verification Traceability. 

		10.6.2.2 Verification Traceability. 

		Traceability ensures proper application of verifications for § 450.185(e) and should be demonstrated from: 

		1. 

		1. 

		1. 

		Subsystem and operator failures to their causes to respective mitigations to adequate verifications; 



		2. 

		2. 

		Subsystem and operator failures to respective ground safety hazards to the public and property at the integrated system and operation level; 



		3. 

		3. 

		Subsystem and operator level risk assessment to integrated system and operation level risk assessment; and 



		4. 

		4. 

		Ground safety hazards to the public and property at the integrated system and operation level to their respective mitigations to adequate verifications. 





		10.6.2.3 Verification Methods. The FAA encourages discussion on proposed verification methods early in 

		the licensing process. Four acceptable methods of verifying safety measures include: 

		 Analysis – Technical or mathematical evaluation, mathematical models, simulations, algorithms, and circuit diagrams. 

		 

		 

		 

		Component, subsystem, or system test – Actual operation to evaluate performance of system elements during ambient conditions or in operational environments at or above expected levels to measure safety margins. These tests include functional tests and environmental tests. 



		 

		 

		Demonstration – Actual operation of the system or subsystem under specified scenarios, often used to verify reliability, transportability, maintainability, serviceability, and human engineering factors. 



		 

		 

		Inspection – Physical examination of hardware, software, or documentation to verify compliance of the feature with predetermined criteria. 





		10.6.3 . The V&V process is a comprehensive, closed-looped, iterative process to be used in all phases of the lifecycle of a launch or reentry system. Any mitigation that fails V&V 

		Iterative Approach of Validation and Verification



		cannot be relied on for elimination or reduction of ground safety risks to the public and property. 

		10.7 Identifying New Hazards and Updating the Ground Hazard Analysis. Data gained during design, manufacture, test, and operation, including the discovery of anomalies and faults, usually impacts a GHA. Necessary data should be identified, and approaches should be implemented, to detect anomalies and failures in order to improve the GHA. Additionally, information gained during assembly and operation of components, subsystems, and next-level systems contributes to the further understanding of the overall int

		assessment to reflect knowledge gained during the life of the integrated system and operation. 

		11 TOXIC HAZARDS MITIGATION FOR GROUND OPERATIONS. 

		In accordance with § 450.187(a)(1), ground safety hazards to the public associated with 

		the use of toxic propellants or other toxic chemical must be mitigated. In accordance with 

		§ 450.187, an operator must: conduct a TRHA per § 450.187(c); manage the risk of 

		casualties that could arise from the exposure to a toxic release, either per toxic 

		containment of § 450.187(d) or per toxic risk assessment of § 450.187(e); and establish 

		ground hazard controls based on the results of its TRHA and toxic containment or toxic 

		risk assessment, per § 450.187(b)(3). Section 11 of AC 450.139-1, Toxic Release Hazard 

		Analysis, provides additional guidance specific to mitigating toxic hazards during 

		licensed ground operations. 

		12 GROUND SAFETY PRESCRIBED HAZARD CONTROLS. 

		12.1 General. In addition to an operator’s specific hazard controls derived by an operator’s GHA and TRHA, an operator must comply with § 450.189(b) through (e). Implementation of the 

		following prescribed hazard controls should be verified and validated to demonstrate compliance with § 450.189(b) through (e). 

		12.2 Protection of Public on the Site. 

		An operator is required to document how it protects members of the public who enter areas that are under their control, in accordance with § 450.189(b). 

		12.2.1 . In order to protect the public, the operator should be cognizant of all members of the public who enter an area under the operator’s control. In accordance with § 450.189(b), the operator must document, distribute, and adhere to an acceptable process to protect members of the public from ground safety hazards. The public access control (no entry, limited entry, etc.) should be coordinated with security, other site coordinators, management, and any other potential areas of concern. An applicant must

		Limiting Access



		launch or reentry operator in accordance with § 450.189(f). The process to protect the public should include at a minimum: 

		1. 

		1. 

		1. 

		Access requirements (including approvals required), 



		2. 

		2. 

		Sign In/Sign Out documentation (POC, location, duration, etc.), 



		3.

		3.

		 Required escorting, 



		4. 

		4. 

		Definition of applicable clear zones, 



		5. 

		5. 

		Required personnel protection equipment (PPE) (ear plugs, mask, hard hat, steel toed shoes, etc.), and 



		6. 

		6. 

		Advise the public on site of the potential hazards. 





		12.2.2 . The process should also document the public’s notification of the applicable policies, 

		Notification



		procedures, and hazard controls required for entry into the operator’s area. This includes the following: 

		1.

		1.

		1.

		 Safety Briefing (including hazard areas/clear zones), 



		2. 

		2. 

		Emergency phone numbers and procedures, 



		3.

		3.

		 Departing or evacuating (e.g., during emergencies, launch aborts, mishaps, etc.), and 



		4.

		4.

		 Violation policy/reprimands. 





		12.3 Countdown Abort. The GHA should consider and assess a launch countdown abort or recycle operation. In accordance with § 450.189(c), procedures to be performed must be established, maintained throughout the life cycle, and validated to ensure the control of ground safety hazards to the public and property and to return the integrated system and site facilities to a safe condition after a countdown abort or delay in launch. Thus, the known safe state for the integrated system and the launch site must be 

		phase of the integrated system operation at the time the event occurs. Specifically, in accordance with § 450.189(a) through (c), the procedures must: 

		1. 

		1. 

		1. 

		Ensure the vehicle and payload are in a safe configuration; 



		2. 

		2. 

		Prohibit entry of the public into any identified hazard areas until the site is returned to a safe condition; and 



		3. 

		3. 

		Maintain and verify that any flight safety system remains operational until verification that the launch vehicle does not represent a risk of inadvertent flight. The timing of safing the flight safety system should be fed directly into the timeline for return to safe condition state and determining an “all clear.” 





		12.4 Fire Suppression. In accordance with § 450.189(d), the operator must have in place reasonable precautions for reporting and controlling any fires. Reporting procedures for a fire should be defined, and documented, as well as coordinated with the site operator. Reasonable precautions include: documentation of emergency fire phone number, fire suppression devices, 

		evacuation procedures, notification to nearby facilities, and isolation measures if available. Meeting industry standards and fire codes are expected. 

		Note: Fire suppression chemicals should be assessed in the TRHA. 

		12.5 Emergency Procedures. In accordance with § 450.189(e), applicant must have general emergency procedures to protect the public and property that are not covered by a § 450.173 mishap plan. Emergency procedures should exist for a fire event, a toxic release event, and any other 

		event that may create a hazard to the public, including weather conditions and any unique emergency procedures identified by the GHA and TRHA. 

		12.5.1 Mishap reporting, response, and investigation requirements are documented in § 450.173. Additional information for mishap reporting can be found in AC 450.173-1, Mishap Reporting, Response, and Investigation. 

		13 APPLICATION REQUIREMENTS. If required by § 450.179, an applicant must provide documentation and data, as outlined in §§ 450.181(c), 450.183(b), 450.185(f), 450.187(f), and 450.189(f). 

		09/22/2021 AC 450.179-1 

		Appendix A 

		A.1 SYSTEM SAFETY TEMPLATE FOR § 450.185 GROUND HAZARD ANALYSIS. Table A-1 conveys the types of data that should be provided by an acceptable system safety analysis, including a method for traceability between all aspects of ground safety hazards to the public and property. It is 

		intended as a guide to show what information should be provided within a GHA. It also shows how logical tracking for each item can be used to show the relationships between the different pieces of information. A hazard analysis format conveying the information of Table A-1, such as similar tables or traditional worksheets, should be utilized. 

		Table A-1: System Safety Template for § 450.185 Ground Hazard Analysis 

		Table A-1: System Safety Template for § 450.185 Ground Hazard Analysis 

		Table A-1: System Safety Template for § 450.185 Ground Hazard Analysis 



		Integrated System and Operation Level1 

		Integrated System and Operation Level1 

		Verification Evidence1 

		H1.M1.V1 –Documented evidencespecific to H1.M1 mitigationH1.M1.V2, and so on… H1.M2.V1, and so on… 

		H2.M1.V1 –Documented evidencespecific to H2.M1 mitigationH2.M1.V2, and so on… H2.M2.V1, and so on… 

		H3.M1.V1 – and so on… 



		Risk After MitigationMeasures1

		Risk After MitigationMeasures1

		R

		TBD 



		S

		S

		TBD 



		L

		L

		TBD 



		Risk Elimination /Mitigation Measures1 

		Risk Elimination /Mitigation Measures1 

		H1.M1 -Specific tomitigation of H1 [Clearareas, operational restrictions, etc…] H1.M2, and so on… 

		H2.M1 -Specific tomitigation of H2 [Clear areas, operational restrictions, etc…] H2.M2, and so on… 

		H3.M1 -and so on… 



		Hazard to Public1 

		Hazard to Public1 

		H1Fire/Explosion H2Toxic Release H3, and so on… 



		Subsystem and Operator Level 

		Subsystem and Operator Level 

		Verification Evidence 

		C1.M1.V1 –Documented evidencespecific to performed C1.M1 mitigationC1.M1.V2, and so on… C1.M2.V1, and so on… 

		C2.M1.V1 –Documented evidencespecific to performed C2.M1 mitigation

		C2.M1.V2, and so on… C2.M2.V1, and so on… 

		C3.M1.V1 – and so on…

		C1.M1.V1 –Documented evidencespecific to performed C1.M1 mitigationC1.M1.V2, and so on… C1.M2.V1, and so on… 

		C2.M1.V1 –Documented evidencespecific to performed C2.M1 mitigationC2.M1.V2, and so on… C2.M2.V1, and so on… 

		C3.M1.V1 – and so on… 



		Risk After MitigationMeasures 

		Risk After MitigationMeasures 

		R

		TBD 

		TBD 



		S

		S

		TBD 

		TBD 



		L

		L

		TBD 

		TBD 



		Risk Elimination /Mitigation Measures 

		Risk Elimination /Mitigation Measures 

		C1.M1 – Specific tomitigation of C1 [design,test, manufacturingprocess, etc.] C1.M2, and so on… 

		C2.M1 – Specific tomitigation of C2 [design,test, manufacturing process, etc.] 

		C2.M2, and so on… 

		C3.M1 – and so on 

		C1.M1 – Specific tomitigation of C1 [design,procedures, training etc.] C1.M2, and so on 

		C2.M1 – Specific tomitigation of C2 [design,procedures, training etc.] C2.M2, and so on… 

		C3.M1 – and so on 



		Risk Before MitigationMeasures 

		Risk Before MitigationMeasures 

		R

		TBD 

		TBD 



		S

		S

		TBD 

		TBD 



		L

		L

		Initial or no data 

		Initial or no data 



		Possible Cause(s) 

		Possible Cause(s) 

		C1TBDC2TBDC3, and soon…

		C1TBDC2TBDC3, and soon… 



		IDs 

		IDs 

		Functional Failure ID; Fault Tree ID 

		Human Error AssessmentID;Fault Tree ID 



		Component(s)/ Item(s) 

		Component(s)/ Item(s) 

		Local Processor 

		N/A 



		Failure Description and End Effect 

		Failure Description and End Effect 

		Fuel Servicing Ground Support Equipment[Function TBD] during [Operations Phase(s) TBD] fails [Failure TBD], possibly resultingin fire/ explosion [End Effect TBD] 

		[Basic Event TBD] during [Operations Phase(s) TBD]possibly results in fire/ explosion [Top-Level TBD] 



		Subsystem 

		Subsystem 

		Fuel Servicing GroundSupport Equipment 

		Human SystemsIntegration 



		Operation [Fuel Servicing -TBD] 

		Operation [Fuel Servicing -TBD] 

		Next-Level 



		pe ratio n [Pad Servic ing -TBD] 

		pe ratio n [Pad Servic ing -TBD] 

		Top-Lev el O





		NOTES: 1 – “Integrated System and Operation Level” may be captured as shown or in a separate table or spreadsheet with traceability to “Subsystem and Operator Level” 2 – “C1.M1.V1” is only an example. Key is to demonstrate traceability by a suitable method 3 – L = Likelihood; S = Severity; R = Risk 4 – Typically within system safety and ground safety, Likelihood (L) = Probability (P); Severity (S) = Consequence (C); L & S = R 

		A-1 

		OMB Control Number: 2120-0746 (Expiration Date: 08/31/2023) 

		Advisory Circular Feedback Form 

		Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid OMB Control Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for this collection of information is estimated to be

		If you find an error in this AC, have recommendations for improving it, or have suggestions for new items/subjects to be added, you may let us know by (1) emailing this form to , or (2) faxing it to (202) 267-5450. 

		ASTApplications@faa.gov

		ASTApplications@faa.gov





		Subject: (insert AC title/number here) Date: Click here to enter text. 

		Please check all appropriate line items: 

		 An error (procedural or typographical) has been noted in paragraph Click here to enter text. on page Click here to enter text.. 

		 Recommend paragraph Click here to enter text. on page Click here to enter text. be changed as follows: 

		Click here to enter text. 

		 In a future change to this AC, please cover the following subject: 

		(Briefly describe what you want added.) 

		Click here to enter text. 

		 Other comments: 

		Click here to enter text. 

		 I would like to discuss the above. Please contact me. 

		Submitted by: Date: 
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Administration 


Subject: Applying for FAA Determination on Date:August 10, 2023 AC No: 450.31-1 
Policy or Payload Reviews Initiated By: AST-1 


This Advisory Circular (AC) provides guidance that may be used to demonstrate compliance 
with the requirements for policy and payload reviews in accordance with Title 14 of the Code of 
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1 PURPOSE. 


1.1 This AC provides guidance on demonstrating compliance with the requirements for 
policy and payload reviews in accordance with Title 14 of the Code of Federal 
Regulations (14 CFR) § 450.31. Sections 450.31(a)(2) and (a)(3) require an applicant to 
obtain a policy approval from the Administrator in accordance with § 450.41 and a 
favorable payload determination from the Administrator in accordance with § 450.43. 


1.2 Level of Imperatives. 
This AC presents one, but not the only, acceptable means of compliance with the 
associated regulatory requirements. The FAA will consider other means of compliance 
that an applicant may elect to present. In addition, an operator may tailor the provisions 
of this AC to meet its unique needs, provided the changes are accepted as a means of 
compliance by the FAA. Throughout this document, the word “must” characterizes 
statements that directly follow from regulatory text and therefore reflect regulatory 
mandates. The word “should” describes a requirement if electing to use this means of 
compliance; variation from the provisions of this AC is possible, but must satisfy the 
regulation to constitute an alternative means of compliance. The word “may” describes 
variations or alternatives allowed within the accepted means of compliance set forth in 
this AC. 


2 APPLICABILITY. 


2.1 The guidance in this AC is for applicants for a vehicle operator license under part 450 
and payload operators. The guidance in this AC is for those seeking a launch or reentry 
vehicle operator license under part 450, licensed operators seeking to renew or modify 
existing vehicle operator licenses, and payload owners or operators requesting a payload 
review independent of an application for a vehicle operator license. 


2.2 The material in this AC is advisory in nature and does not constitute a regulation. This 
guidance is not legally binding in its own right, and the FAA will not rely upon this 
guidance as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with this guidance document (as distinct from existing statutes and 
regulations) is voluntary only, and nonconformity will not affect rights and obligations 
under existing statutes and regulations. 


2.3 The material in this AC does not change or create any additional regulatory 
requirements, nor does it authorize changes to, or deviations from, existing regulatory 
requirements. 
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3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS. 


3.1 Applicable United States Code (U.S.C.) Statute. 


• 51 U.S.C. Subtitle V, Chapter 509, Commercial Space Launch Activities. 


3.2 Related FAA Commercial Space Transportation Regulations. 
The following 14 CFR regulations must be accounted for when showing compliance 
with 14 CFR §§ 450.41 and 450.43. The full text of these regulations can be 
downloaded from the U.S. Government Printing Office e-CFR. A paper copy can be 
ordered from the Government Printing Office, Superintendent of Documents, Attn: New 
Orders, P.O. Box 371954, Pittsburgh, PA, 15250-7954. 


• Section 401.7, Definitions. 


• Section 450.31, General. 


• Section 450.41, Policy review and approval. 


• Section 450.43, Payload review and determination. 


• Section 450.213(b), Pre-flight reporting. 


3.3 Related FAA Advisory Circulars. 
FAA Advisory Circulars (are available through the FAA website, http://www.faa.gov). 


• AC 413.5, Pre-Application Consultation, when published. 


3.4 Related Industry Documents. 


• Title 49 CFR Part 172, (DOT) Transportation of Hazardous Materials. 


• Federal Aviation Administration (FAA), "Licensing Process," dated April 6, 2020, 
available from: 
https://www.faa.gov/space/streamlined_licensing_process/licensing_process/. 


• Memorandum of Agreement between the Department of the Air Force and the 
Federal Aviation Administration for Launch and Reentry Activity on Department of 
the Air Force Ranges and Installations Agreement Number FAA-DAF-SLR-2021, 
dated June 15, 2021, 
https://www.faa.gov/sites/faa.gov/files/space/legislation_regulation_guidance/MOA 
_DAF_FAA_Launch_and_Reentry_Activity_FINAL_SIGNED_6_15_2021.pdf. 


• National Aeronautics and Space Administration (NASA), NASA Examples of 
Information to Expedite Review of Commercial Operator Applications to 
Regulatory Agencies, dated July 16, 2021, https://www.nasa.gov/recommendations-
commercial-space-operators/. 


• National Institute of Standards and Technology (NIST) Advanced Encryption 
Standard (AES–256) https://www.nist.gov/publications/advanced-encryption-
standard-aes. 


• NIST Federal Information Processing Standard FIPS 140-2 and 140-3. 
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• Presidential Memorandum on Space Policy Directive – 5 – Cybersecurity Principles 
for Space Systems; https://history.nasa.gov/SPD-5.pdf. 


• United Nations Treaty on Principles Governing the Activities of States in the 
Exploration and Use of Outer Space, including the Moon and Other Celestial 
Bodies, Resolution 222, dated 1966, 
https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetreaty. 
html. 


• United States Code, 42 U.S.C. Chapter 4321, Congressional Declaration of 
Purpose. (Pub. L. 91–190, § 2, Jan. 1, 1970, 83 Stat. 852). 


Note: The industry documents referenced in this chapter refer to the current revisions or 
regulatory authorities’ accepted revisions. 


DEFINITION OF TERMS. 
For this AC, the definitions from § 401.7 apply. 
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ACRONYMS. 
AC – Advisory Circular 
AES – Advanced Encryption Standard 
ARP – Office of the Associate Administrator for Airports 
AST – Office of Commercial Space Transportation 
ATO – Air Traffic Organization 
AVS – Office of Aviation Safety 
CFR – Code of Federal Regulations 
COSPAR – Committee on Space Research 
DOD – Department of Defense 
DOS – Department of State 
DOT – Department of Transportation 
FAA – Federal Aviation Administration 
FCC – Federal Communications Commission 
FIPS – Federal Information Processing Standard 
MOA – Memorandum of Agreement 
NASA – National Aeronautics and Space Administration 
NEPA – National Environmental Policy Act 
NOAA – National Oceanic and Atmospheric Administration 
OMB – Office of Management and Budget 
SPD – Space Policy Directive 
SSA – Space Situational Awareness 
SSN – Space Surveillance Network 
U.S.C. – United States Code 
U.S.G. – United States Government 
U.S. – United States 
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6 POLICY AND PAYLOAD REVIEWS AND APPROVALS. 


6.1 General. 
In order to obtain a vehicle operator license under part 450, an applicant must receive a 
policy approval in accordance with § 450.41 and, for all launches or reentries involving 
a payload, a favorable payload determination under § 450.43. An applicant may request 
a policy or payload review, or both, independent of a complete license application. 
Pursuant to § 450.43(d), a payload owner or operator may request a payload review, 
independent of an application for a vehicle operator license under part 450. 
Note: Policy and payload reviews are not required for safety element approvals under 
part 414. 


6.2 Starting a Policy Review or Payload Review. 
The FAA uses the full and complete information provided by the applicant during 
the application process to make the necessary policy approval and payload 
determination. In accordance with § 413.7, an applicant must file an application 
with the FAA either by paper, by use of physical electronic storage, or by email. 
For the Office of Commercial Space Transportation (AST) to be able to conduct 
the policy and payload reviews, an applicant should submit all of the required data 
as final and as complete as possible. If it is incomplete, or if it changes once 
submitted, it could significantly delay the review process since interagency 
consultations take significant time and effort during the evaluation process. An 
applicant may begin the application process by accessing the Commercial Space 
Transportation page of the FAA website at 
https://www.faa.gov/space/streamlined_licensing_process/licensing_process/. 
A payload owner or a payload operator may request a payload review and 
determination in accordance with § 450.43(d). 


6.3 Pre-Application Process. 


6.3.1 Pre-Application Initial Contact Information Form. 
To request a policy and payload review in connection with a license application under 
part 450, an applicant should fill out the Pre-Application Initial Contact Information 
form1 located at https://www.faa.gov/space/licenses/pre-application-initial-contact-
information. Complete all applicable Pre-Application Checklists in final form and 
submit them to ASTApplications@faa.gov. These checklists can be found at: 
https://www.faa.gov/space/licenses/operator_licenses_permits. 


1 OMB Control # 2120-0608 | 2120-0643 | 2120-0644. 
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6.3.1.1 The FAA requires all prospective applicants to engage in 
pre-application consultation with the FAA before submitting an 
application to discuss the application process and possible issues 
relevant to the FAA’s licensing decision.2 Pre-application 
consultation prepares an applicant to submit a formal application, 
helps identify any unique issues with its proposal, and facilitates 
coordination with the applicable lines of business within the FAA 
(e.g., Air Traffic Organization (ATO), Office of Aviation Safety 
(AVS), and Office of the Associate Administrator for Airports 
(ARP)) and government agencies outside of the FAA (e.g., the 
Department of Defense (DOD), Department of State (DOS), and 
the National Aeronautics and Space Administration (NASA)). 
Payload owners seeking a payload review independent of a license 
application may, but are not required to, engage in pre-application 
consultation. 


6.3.1.2 An applicant should provide a comprehensive list of expected 
types of payloads, including any known specific payloads during 
pre-application consultation. The FAA recognizes that applicants 
may not have identified all payload contents at the pre-application 
stage, but providing all available information on payload contents 
during pre-application consultation enables a swifter payload 
determination. Incomplete or missing information could result in a 
payload determination being delayed or denied. In accordance with 
§ 413.17, an applicant may amend or supplement an application to 
ensure the continuing accuracy and completeness of information 
furnished to the FAA. 


6.3.2 Purpose and Determination of Policy Reviews. 
The purpose of a policy review is for the FAA to determine, in accordance with its 
statutory authority,3 whether a proposed launch or reentry operation may present any 
issues that would jeopardize United States (U.S.) national security or foreign policy 
interests, or international obligations of the United States. If no such issues are found, 
the FAA will issue a policy approval to an applicant. The policy approval becomes part 
of the licensing record on which the FAA’s licensing determination is based. The 
information that an applicant must submit in order to receive a policy approval is 
discussed in paragraph 8 of this AC. 


2 14 CFR § 413.5. 
3 Title 51 – National and Commercial Space Programs, Subtitle V, Chapter 509-Commercial Space Launch 
Activities, Section 50905, License applications and requirements. 
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6.3.3 Purpose and Determination of Payload Reviews. 
In accordance with § 450.43(a)(2), the FAA issues a favorable payload determination to 
a license applicant, or payload owner or operator, if the license applicant or payload 
owner or operator has 1) obtained all required licenses, authorizations, and permits, and 
2) demonstrated the launch or reentry of the payload would not jeopardize public health 
and safety, the safety of property, U.S. national security or foreign policy interests, or 
the international obligations of the United States.4 


6.3.4 Relationship to other Executive Agencies. 
In accordance with § 450.43(b), the FAA does not make the determination required by 
§ 450.43(a)(2) for those aspects of payloads subject to regulation by the Federal 
Communications Commission (FCC) or the Department of Commerce, or for payloads 
owned or operated by the U.S. Government. Payloads include satellites, cargo, or 
hosted payloads on a spacecraft, which may be reviewed separately from the host 
payload. The payload determination becomes part of the licensing record on which the 
FAA’s licensing decision is based. The information requirements for a favorable 
payload determination are discussed in chapter 9, Payload Reviews of this AC. 


4 Title 14 CFR § 450.43(a). 
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7 INTERAGENCY CONSULTATION DURING POLICY AND PAYLOAD 
REVIEWS. 


7.1 General. 
In conducting a policy or payload review, the FAA generally consults with the Federal 
agencies listed in Table 1 of this AC to determine whether a proposed launch, reentry, 
or payload raises issues in those agencies’ areas of authority. The FAA may elect to 
consult with other agencies, as appropriate. Usually, an interagency consultation 
combines the policy and payload reviews for a license application as a concurrent effort. 
Although the FAA consults with Federal agencies, the authority to issue a favorable 
determination or a denial of a payload or policy review resides with the Secretary of 
Transportation. 
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Table 1 – U.S. Government Partner Agencies and Areas of Responsibility 
during Policy or Payload Reviews 


Agency Primary Area of Responsibility 
Department of Commerce, National 
Oceanic and Atmospheric 
Administration 


U.S. commercially-owned remote sensing 
satellites 


Department of Defense Issues related to U.S. national security 


Department of Energy Verifies nuclear material is sourced from the 
Department of Energy for payloads 
containing exposure levels of nuclear 
materials 


Department of Homeland Security, 
United States Coast Guard 


Overflight of navigable waterways 


Department of State Issues related to U.S. foreign policy or 
international obligations 


Federal Communications 
Commission 


U.S. commercially-owned communications 
satellites and frequency issues involving FCC 
licensing of transmitters, including those on 
launch or reentry vehicles for telemetry 


National Aeronautics and Space 
Administration 


The effect of commercial space activities on 
NASA interests 


National Nuclear Security 
Administration 


Checks to see if material in the system poses 
a nuclear proliferation concern for payloads 
containing exposure levels of nuclear 
materials 


Nuclear Regulatory Commission Examines commercial use or possession of 
nuclear material for payloads containing 
exposure levels of nuclear materials 


Office of the Director of National 
Intelligence 


Issues related to U.S. national security 
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7.2 Consultation with the Department of Defense and the State Department. 
As part of its review and in accordance with 51 United States Code (U.S.C.) § 50918, 
the FAA consults with the DOS and DOD prior to issuing a policy or payload 
determination. In accordance with §§ 450.41(b)(1) and 450.43(e)(1), the FAA consults 
with the DOD to determine whether a proposed launch or reentry, or the launch or 
reentry of a payload or class of payloads presents any issues affecting U.S. national 
security. In accordance with §§ 450.41(b)(2) and 450.43(e)(2), the FAA consults with 
the DOS to identify any issues affecting U.S. foreign policy interests or international 
obligations. 


7.3 Consultation with Other Federal Agencies. 
In accordance with §§ 450.41(b)(3) and 450.43(e)(3), the FAA also consults with 
NASA, the Department of Commerce’s National Oceanic and Atmospheric 
Administration (NOAA), the FCC, the Office of the Director of National Intelligence, 
the Department of Energy, and the U.S. Coast Guard to address U.S. national security 
or foreign policy interests, or international obligations of the U.S., associated with the 
proposed launch, reentry, or payload. The FAA may also coordinate with DOD and 
NASA on matters related to the safety of their assets in space. 


7.4 Interagency Consultation Considerations for Policy and Payload Reviews. 
During the FAA policy and payload reviews, the FAA evaluates the application and 
determines which other government entities need to be involved to determine whether 
the launch, reentry, or payload presents any issues affecting U.S. national security or 
foreign policy interests, or international obligations of the United States. Table 1 
indicates the FAA’s primary partner agencies and their primary areas of responsibility. 
Operators seeking a policy or payload review under §§ 450.41 or 450.43 should be 
cognizant that Federal agencies have raised concerns over the following matters during 
past interagency consultations. 


7.4.1 Foreign Involvement. 
DOS or DOD may have concerns over foreign involvement in the U.S. launch or 
reentry industry when it involves the transfer of sensitive technologies. Consequently, 
the FAA requires license applicants to identify any foreign ownership of their entities in 
accordance with §§ 450.41(e)(3) and 450.43(i)(1)(iv). These provisions enable the 
FAA, DOS, and DOD to adequately assess the implications of the proposed licensed 
launch, reentry, or payload. In cases where there is foreign ownership, providing details 
of that foreign ownership, such as percentages of any foreign ownership, will facilitate 
the interagency consultation.   
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7.4.2 International Agreements. 
The DOS reviews proposed launches or reentries for conformity with international 
agreements such as the Outer Space Treaty of 1967. For missions with the potential of 
reaching a solar system body, this includes a review by the DOS and often a technical 
assessment by NASA of an operator’s planned measures for compliance with the U.S. 
international obligation to avoid harmful contamination of solar system bodies. 


7.4.3 Planetary Protections. 
If any element of the launch vehicle, primary spacecraft, or secondary payload that has 
sufficient propulsion to leave Earth orbit and reach the Moon or a more distant solar 
system body, an operator should indicate any planetary protection measures it will 
implement. The operator should use reasonable efforts to implement planetary 
protection measures generally consistent with the Committee on Space 
Research Planetary Protection Policy and Guidelines (COSPAR) including harmful 
contamination. COSPAR guidelines are an accepted approach for the United States 
Government (U.S.G.) to comply with harmful contamination obligations under 
Article IX of the Outer Space Treaty. The following information should be provided by 
the operator to facilitate review of a proposed operation: 
1. Missions to the Surface of the Moon: 


a. An inventory of propulsion products released into the lunar environment, 
b. Additionally, for missions to permanently shadowed regions or the lunar poles, 


an inventory of organic substances since there may be water or ice there. 
2. Missions to other Solar System Bodies: 


a. Description of the energetic potential of the primary launch vehicle, second 
stage, cruise stage, and additional independent propulsion systems on primary 
and secondary payloads. 


b. Description of trajectory including flybys or gravity assists of celestial objects 
and orbital insertion or landing at the destination. 


c. Assessment of forward planetary protection contamination (i.e., biological 
contamination to other celestial bodies) and associated mitigation strategy for 
celestial objects along the trajectory and at the orbiting or landed destination. 


3. Missions with Earth Return: 
a. From the Moon, an inventory of Moon materials during planned or unplanned 


Earth reentry. 
b. From all other solar system bodies, an applicable risk assessment for backward 


planetary protection (risk to public health and safety) during planned or 
unplanned Earth reentry or entry into the Earth-Moon system. 
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8 POLICY REVIEWS. 


8.1 Information Requirements for Policy Reviews. 
In accordance with § 450.41(e), an applicant must: 
1. Identify the model, type, and configuration of any vehicle proposed for launch or 


reentry by the applicant; 
2. Describe the vehicle by characteristics that include individual stages, their 


dimensions, type and amounts of all propellants, and maximum thrust. 
3. Identify foreign ownership of the applicant as follows: 


a. For a sole proprietorship or partnership, identify all foreign ownership; 
b. For a corporation, identify any foreign ownership interests of 10 percent or 


more; 
c. For a joint venture, association, or other entity, identify any participating foreign 


entities; 
4. Identify the proposed vehicle flight profile, including: 


a. Launch or reentry site, including any contingency abort locations; 
b. Flight azimuths, trajectories, and associated ground tracks and instantaneous 


impact points for the duration of the licensed activity, including any contingency 
abort profiles; 


c. Sequence of planned events or maneuvers during flight; 
d. Normal impact or landing areas for all mission hardware; and 
e. For each orbital mission, the range of intermediate and final orbits of each 


vehicle upper stage and their estimated orbital lifetimes. 


8.2 Identification of Launch and Reentry Details. 
For the FAA to conduct a policy review, an applicant must describe the launch or 
reentry vehicle and its proposed flight profile and describe the vehicle by characteristics 
that include individual stages and their dimensions, the type and amounts of all 
propellants, and maximum thrust, in accordance with § 450.41(e). The information 
required in § 450.41(e) should provide the FAA and its interagency partners with the 
scope of the proposed activity. 


8.3 Identification of Flight Azimuths, Trajectories, and Details. 
In accordance with § 450.41(e)(4), the FAA requires the applicant to provide flight 
azimuths, trajectories, and associated ground tracks and instantaneous impact points, 
and contingency abort profiles, if any, for the duration of the licensed activity (e.g., lift 
off to the end of launch). 


15 







08/10/2023 AC 450.31-1 


8.4 Issues Impeding Approval, Denial of a Policy Approval. 
In accordance with § 450.41(c), the FAA will advise an applicant, in writing, of any 
issues raised during a policy review that would impede issuance of a policy approval. 
The applicant may respond to the FAA, in writing, or amend its license application as 
required by § 413.17. In accordance with § 450.41(d), the FAA will notify an applicant, 
in writing, if it has denied a policy approval for a license application. The notification 
will state the reasons for the FAA’s determination. The applicant may seek further 
review of the determination in accordance with § 413.21. 


9 PAYLOAD REVIEWS. 
The FAA consults with partner agencies within the U.S. Government when conducting 
a payload review. An interagency consultation combines the policy and payload reviews 
when possible. Part 450 regulations contain informational requirements for policy and 
payload reviews. The criteria within FAA regulations for policy or payload approvals 
are not detailed. Rather, criteria are rooted in over-arching considerations. 


9.1 Information Requirements for Payload Reviews. 


9.1.1 In accordance with § 450.43(i) for the launch of a payload, the applicant must submit 
the following payload information to the FAA: 
1. Payload name or class of payload, and function; 
2. Description, including physical dimensions, weight, composition, and any hosted 


payloads; 
3. Payload owner and payload operator, if different from the person requesting 


payload review and determination, to include if the payload owner and/or operator 
changes from that which was initially reported; 


4. Any foreign ownership of the payload or payload operator, as specified in 
§ 450.41(e)(3); 


5. Hazardous materials as defined in § 401.7, radioactive materials, and the amounts 
of each; 


6. Explosive potential of payload materials, alone and in combination with other 
materials found on the payload; 


7. For orbital launches, parameters for parking, transfer and final orbits, and 
approximate transit times to final orbit; 


8. Delivery point in flight at which the payload will no longer be under the licensee’s 
control; 


9. Intended operations during the lifetime of the payload, including anticipated life 
span and any planned disposal; 


10. Any encryption associated with data storage on the payload and transmissions to or 
from the payload; and 
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11. Any other information necessary to make a determination based on public health 
and safety, safety of property, U.S. national security or foreign policy interests, or 
international obligations of the United States. 


9.1.2 In accordance with § 450.43(i)(2), for the reentry of a payload, the applicant must 
submit the following payload information to the FAA: 
1. Payload name or class of payload, and function; 
2. Physical characteristics, dimensions, and weight of the payload; 
3. Payload owner and payload operator, if different from the person requesting the 


payload review and determination; 
4. Type, amount, and container of hazardous materials and radioactive materials in the 


payload; 
5. Explosive potential of payload materials, alone and in combination with other 


materials found on the payload or reentry vehicle during reentry; and 
6. Designated reentry site. 


9.2 Additional information needed under § 450.43(i)(1)(xi). 
Pursuant to § 450.43(i)(1)(xi), the FAA may require operators to submit additional 
information for unique missions to allow the FAA to properly evaluate the implications 
of the payload under § 450.43(a). 


9.3 Payloads Having Toxic Hazards Risk. 
An operator anticipating toxic hazards on its vehicle or payload should reference 
AC 450.139-1, Toxic Release Hazards Analysis for means of compliance on identifying 
hazard areas, flight commit criteria, and mitigations or controls for toxics. 


9.4 Conducting Safe Ground Operations. 
When handling payloads at a launch or reentry site and while conducting safe ground 
operations, a ground hazard analysis must be performed in accordance with § 450.185 
and the pre-flight and post-flight ground hazard controls must be defined and 
documented in accordance with § 450.189 unless § 450.179(b) is met. At a U.S. launch 
or reentry site where § 450.179(b) is not met, an operator must comply with 
§§ 450.181 through 450.189. An operator should include a list of defined pre-flight and 
post-flight operations that include all systems and operations involving the vehicle or its 
payload. Doing so facilitates a thorough identification and assessment of system and 
operational hazards to the public and property associated with licensed ground 
operations at the launch or reentry site. Further information can be found in 
AC 450.179-1, Ground Safety. 
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9.5 Tracking Considerations. 
Ensuring an operator can track a payload following launch enables space situational 
awareness (SSA) and provides safety for other space operations. The FAA’s 
interagency partners have expressed concerns whether payloads can be tracked. 
Payloads in low earth orbit that are 10 centimeters and larger in diameter can be tracked 
using the Space Surveillance Network (SSN). Payloads that contain radar retroreflectors 
or other appendages facilitate tracking. 


9.6 Encryption. 
Information on the encryption used for both spacecraft and associated supporting 
systems will enable U.S.G. stakeholders to assess potential cyber risks. In accordance 
with § 450.43(i)(1)(x), applicants must provide the type of space encryption or 
authentication procedures (or lack thereof) used to protect the spacecraft, subsystems, 
and mission data during the entire mission lifetime, including safeguarding command 
control and telemetry links, to inform the payload review. Applicants should describe 
any encryption associated with data storage on the payload and transmissions to or from 
the payload. Encryption helps ensure against cyber intrusion, loss of spacecraft control, 
and potential debris causing events. Many operators already use the 256-bit Advanced 
Encryption Standard (AES–256)5 developed by the National Institute of Standards and 
Technology (NIST) or NIST Federal Information Processing Standard FIPS 140-2 and 
140-36 to protect commercial telemetry, tracking, and control data links and mission 
data transmission or storage. In this case, an operator would only need to state that it 
uses AES–256. NASA and the DOD frequently request this information during the 
consultation process in reviewing payloads to determine whether a proposed payload 
would jeopardize the safety of government employees or property in outer space, or 
U.S. national security. 


9.7 Issues Impeding Approval, Denial of a Payload Determination. 


9.7.1 In accordance with § 450.43(f), the FAA will advise an applicant, in writing, of any 
issues raised during a payload review that would impede issuance of a favorable 
payload determination. The applicant may respond to the FAA, in writing, or amend its 
license application as required by § 413.17. 


9.7.2 In accordance with § 450.43(g), the FAA notifies an applicant, in writing, if it has 
denied a favorable payload determination. The notification should state the reasons for 
the FAA’s determination. The applicant may seek further review of the determination in 
accordance with § 413.21. 


5 https://www.nist.gov/publications/advanced-encryption-standard-aes. 
6 https://csrc.nist.gov/projects/cryptographic-module-validation-program/validated-modules/search. 
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Expiration Date: 11/30/2024 


Advisory Circular Feedback Form 


Paperwork Reduction Act Burden Statement: A federal agency may not conduct or sponsor, and a person is not 
required to respond to, nor shall a person be subject to a penalty for failure to comply with a collection of information 
subject to the requirements of the Paperwork Reduction Act unless that collection of information displays a currently valid 
OMB Control Number. The OMB Control Number for this information collection is 2120-0746. Public reporting for this 
collection of information is estimated to be approximately 5 minutes per response, including the time for reviewing 
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comments regarding this burden  estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to: Information Collection Clearance Officer, 800 Independence Ave, Washington, D.C. 20590. 
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		1 PURPOSE.

		1.1 This AC provides guidance on demonstrating compliance with the requirements for policy and payload reviews in accordance with Title 14 of the Code of Federal Regulations (14 CFR) § 450.31. Sections 450.31(a)(2) and (a)(3) require an applicant to obtain a policy approval from the Administrator in accordance with § 450.41 and a favorable payload determination from the Administrator in accordance with § 450.43.

		1.2 Level of Imperatives.



		2 APPLICABILITY.

		2.1 The guidance in this AC is for applicants for a vehicle operator license under part 450 and payload operators. The guidance in this AC is for those seeking a launch or reentry vehicle operator license under part 450, licensed operators seeking to renew or modify existing vehicle operator licenses, and payload owners or operators requesting a payload review independent of an application for a vehicle operator license.

		2.2 The material in this AC is advisory in nature and does not constitute a regulation. This guidance is not legally binding in its own right, and the FAA will not rely upon this guidance as a separate basis for affirmative enforcement action or other administrative penalty. Conformity with this guidance document (as distinct from existing statutes and regulations) is voluntary only, and nonconformity will not affect rights and obligations under existing statutes and regulations.

		2.3 The material in this AC does not change or create any additional regulatory requirements, nor does it authorize changes to, or deviations from, existing regulatory requirements.



		3 APPLICABLE REGULATIONS AND RELATED DOCUMENTS.

		3.4 Related Industry Documents.



		4 DEFINITION OF TERMS.

		5 ACRONYMS.

		6 POLICY AND PAYLOAD REVIEWS AND APPROVALS.

		6.2 Starting a Policy Review or Payload Review.

		6.3 Pre-Application Process.

		6.3.1 Pre-Application Initial Contact Information Form.

		6.3.1.1 The FAA requires all prospective applicants to engage in preapplication consultation with the FAA before submitting an application to discuss the application process and possible issues relevant to the FAA’s licensing decision. Preapplication consultation prepares an applicant to submit a formal application, helps identify any unique issues with its proposal, and facilitates coordination with the applicable lines of business within the FAA (e.g., Air Traffic Organization (ATO), Office of Aviation Safety (AVS), and Office of the Associate Administrator for Airports (ARP)) and government agencies outside of the FAA (e.g., the Department of Defense (DOD), Department of State (DOS), and the National Aeronautics and Space Administration (NASA)). Payload owners seeking a payload review independent of a license application may, but are not required to, engage in preapplication consultation.

		6.3.1.2 An applicant should provide a comprehensive list of expected types of payloads, including any known specific payloads during pre-application consultation. The FAA recognizes that applicants may not have identified all payload contents at the preapplication stage, but providing all available information on payload contents during preapplication consultation enables a swifter payload determination. Incomplete or missing information could result in a payload determination being delayed or denied. In accordance with § 413.17, an applicant may amend or supplement an application to ensure the continuing accuracy and completeness of information furnished to the FAA.



		6.3.2 Purpose and Determination of Policy Reviews.

		6.3.3 Purpose and Determination of Payload Reviews.

		6.3.4 Relationship to other Executive Agencies.





		7 INTERAGENCY CONSULTATION DURING POLICY AND PAYLOAD REVIEWS.

		7.2 Consultation with the Department of Defense and the State Department.

		7.3 Consultation with Other Federal Agencies.

		7.4 Interagency Consultation Considerations for Policy and Payload Reviews.

		7.4.1 Foreign Involvement.

		7.4.2 International Agreements.

		7.4.3 Planetary Protections.





		8 POLICY REVIEWS.

		8.1 Information Requirements for Policy Reviews.

		8.2 Identification of Launch and Reentry Details.

		8.3 Identification of Flight Azimuths, Trajectories, and Details.



		9 PAYLOAD REVIEWS.

		9.1 Information Requirements for Payload Reviews.

		9.1.1 In accordance with § 450.43(i) for the launch of a payload, the applicant must submit the following payload information to the FAA:

		9.1.2 In accordance with § 450.43(i)(2), for the reentry of a payload, the applicant must submit the following payload information to the FAA:



		9.3 Payloads Having Toxic Hazards Risk.

		9.5 Tracking Considerations.

		9.6 Encryption.

		9.7 Issues Impeding Approval, Denial of a Payload Determination.

		9.7.1 In accordance with § 450.43(f), the FAA will advise an applicant, in writing, of any issues raised during a payload review that would impede issuance of a favorable payload determination. The applicant may respond to the FAA, in writing, or amend its license application as required by § 413.17. 

		9.7.2 In accordance with § 450.43(g), the FAA notifies an applicant, in writing, if it has denied a favorable payload determination. The notification should state the reasons for the FAA’s determination. The applicant may seek further review of the determination in accordance with § 413.21.











Accessibility Report






			Filename: 


			AC 450.31-1 Applying for FAA Determination on Policy and Payload Reviews_2023-07-25.pdf











			Report created by: 


			




			Organization: 


			









[Enter personal and organization information through the Preferences > Identity dialog.]




Summary




The checker found no problems in this document.






			Needs manual check: 0




			Passed manually: 2




			Failed manually: 0




			Skipped: 0




			Passed: 30




			Failed: 0









Detailed Report






			Document







			Rule Name			Status			Description




			Accessibility permission flag			Passed			Accessibility permission flag must be set




			Image-only PDF			Passed			Document is not image-only PDF




			Tagged PDF			Passed			Document is tagged PDF




			Logical Reading Order			Passed manually			Document structure provides a logical reading order




			Primary language			Passed			Text language is specified




			Title			Passed			Document title is showing in title bar




			Bookmarks			Passed			Bookmarks are present in large documents




			Color contrast			Passed manually			Document has appropriate color contrast




			Page Content







			Rule Name			Status			Description




			Tagged content			Passed			All page content is tagged




			Tagged annotations			Passed			All annotations are tagged




			Tab order			Passed			Tab order is consistent with structure order




			Character encoding			Passed			Reliable character encoding is provided




			Tagged multimedia			Passed			All multimedia objects are tagged




			Screen flicker			Passed			Page will not cause screen flicker




			Scripts			Passed			No inaccessible scripts




			Timed responses			Passed			Page does not require timed responses




			Navigation links			Passed			Navigation links are not repetitive




			Forms







			Rule Name			Status			Description




			Tagged form fields			Passed			All form fields are tagged




			Field descriptions			Passed			All form fields have description




			Alternate Text







			Rule Name			Status			Description




			Figures alternate text			Passed			Figures require alternate text




			Nested alternate text			Passed			Alternate text that will never be read




			Associated with content			Passed			Alternate text must be associated with some content




			Hides annotation			Passed			Alternate text should not hide annotation




			Other elements alternate text			Passed			Other elements that require alternate text




			Tables







			Rule Name			Status			Description




			Rows			Passed			TR must be a child of Table, THead, TBody, or TFoot




			TH and TD			Passed			TH and TD must be children of TR




			Headers			Passed			Tables should have headers




			Regularity			Passed			Tables must contain the same number of columns in each row and rows in each column




			Summary			Passed			Tables must have a summary




			Lists







			Rule Name			Status			Description




			List items			Passed			LI must be a child of L




			Lbl and LBody			Passed			Lbl and LBody must be children of LI




			Headings







			Rule Name			Status			Description




			Appropriate nesting			Passed			Appropriate nesting












Back to Top





